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PERICARDITIS 


CLINICAL AND LABORATORY DATA OF 130 CASES 
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ERICARDITIS is one of the most commonly overlooked clinical conditions. 

The manifestations of both acute and chronic involvement of the pericardium 
may be primary or secondary. It behooves us, therefore, to review and analyze 
our case material from time to time. We must be alert to the signs and symp- 
toms and diagnostic laboratory studies that will make for greater accuracy and 
fewer failures in the diagnosis of this lesion. This is especially desirable now that 
antibacterial and hormonal agents are offering more in the way of curative therapy 
and earlier and safer preparation for radical surgical treatment. Pericarditis 
for many years has been the subject of interest in our clinic and our cardiovascular 
research laboratories.' 

Pericarditis is a somewhat uncommon clinical condition, yet it warrants 
reconsideration at this time. Griffith and Wallace? recently analyzed 1,000 
post-mortem cases autopsied over a period of ten years, which showed evidences 
of pericarditis. They pointed out that pericarditis was found in 5.8 per cent of 
their autopsy series; this was twice the incidence in clinical practice. Further- 
more, there were noted changes in the incidence of certain etiological types as 
compared with the data reported twenty years ago by Smith and Willius*® and 
that reported fifty years ago by Preble.’ 

In recent years bacterial pericarditis, including the tuberculous type, has de- 
creased, while pericarditis secondary to cardiovascular disease, uremia, and 
malignancy has increased with the increase in the life span of the population. 
Carmichael, Sprague, Wyman, and Bland‘ have restudied their fifty acute, non- 
specific, or virus pericarditis cases and emphasized the apparent increase in the 
condition, the characteristic clinical picture, and the excellent long-term prognosis. 
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Peel’ feit that the incidence of tuberculous pericarditis was underestimated 
and that many early cases were overlooked. He treated his eight cases con- 
servatively without streptomycin and reported good results. Constrictive peri- 
carditis developed in only one patient who was operated upon and died six months 
later. We have observed two cases of tuberculous pericarditis treated with 
streptomycin. One of these patients after many months of invalidism had a 
successful decortication. The other patient had a pericardiectomy performed 
early after streptomycin therapy, and he had a much less stormy course and 
earlier rehabilitation. Consideration of these specific cases and others led us to a 
survey of all of our cases of pericarditis during the past five years. 


MATERIAL 


The case records of all patients in the University of Texas Hospitals who 
had been diagnosed as having pericarditis during the five-year period, 1946 
through 1950, were carefully reviewed. One hundred and thirty cases, eighty- 
nine proved at autopsy and forty-one during life, were selected for detailed 
analysis. This included only those cases in which the diagnosis of pericarditis 
was substantiated at autopsy (eighty-nine cases), by surgical operation, or by the 
diagnostic finding of pericardial fluid, a pericardial friction rub, pathognomonic 
radiologic evidence or electrocardiographic changes, or an unquestionable com- 
bination of significant signs (forty-one cases). In most of these the pericarditis 
was of clinical importance, and in many it was contributory to death. 


TABLE I. AGE INCIDENCE IN PERICARDITIS 


NO. OF 

AGES (YRs.) CASES 
Oto 9 8 
10 to 19 13 
20 to 29 22 
30 to 39 20 
40 to 49 18 
50 to 59 18 
60 to 69 19 
70 to 79 9 
80 to 89 3 
Total Cases 130 


Sex: Male—85; Female—45. 
Race: White—63; Negro—67. 


The incidence was greatest in the male sex (eighty-five men and forty-five 
women). Of the one hundred-thirty cases sixty-three were Caucasian and 
sixty-seven were Negro patients. No age group seemed to be particularly 
affected with pericarditis, each decade from 20 to 70 years accounted for about 
twenty cases, as is shown in Table I. 

The etiological factors and the pathologic data are shown in Tables II, 
III, and IV. Pyogenic organisms and uremia were the most common causes; | 
idiopathic pericarditis was next; the others occurred in the following order: 
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epistenocardiac, fifteen cases; malignancy, thirteen cases; rheumatic fever, 
fourteen cases; tuberculosis, eleven cases; collagenous disease, five cases; and 
trauma, five cases. 

TABLE IT. EtioLoGy AND PATHOLOGY 


NO. OF NO. OF 
CASES CASES 
Septicopyemia 23 | Tuberculous 11 
Pyogenic 20 Effusion 4 
Amebic 1 Hemorrhagic 1 
Coccidioidomycosis 1 Fibrosis 4 
Blastomycosis 1 Constrictive 2 
Traumatic 5 Idiopathic 17 
Purulent 1 Fibrinous 9 
Hemorrhagic 2 Effusion 3 
relangiectasia 1 Fibrous Adhesive 3 
Dissecting Aneurysm 1 Hemorrhagic 1 
Constrictive 1 
TABLE III. EtioLoGy AND PATHOLOGY 
NO. OF | NO. OF 
CASES } CASES 
Rheumatic 14 | Uremic 24 
Fibrinous 7 Fibrinous 21 
Effusion 2 Effusion 2 
Fibrous 5 Hemorrhagic 1 
Epistenocardiac 15 Malignant 13 
Fibrinous 4 Adenocarcinoma 10 
Fibrous 8 Sarcoma 3 
Ruptured 3 
TABLE IV. EtTIoLoGY AND PATHOLOGY 
NO. OF NO. OF 
| CASES | CASES 
| 
Collagenous l'amponade 10 
Polyarteritis 1 Ruptured Heart | 3 
Effusion Lupus erythematosus | 4 Dissecting Aneurysm 1 
3 Fibrinous Pyogenic | 3 
1 Fibrous Tuberculous | 1 
Idiopathic 1 
Adenocarcinoma 1 
| 


The symptoms and signs were quite variable; they are summarized in Table V. 
Pain was complained of in sixty of the cases, dyspnea in fifty-one, cough in 
Fever was significant in forty-seven; 


eighteen, and syncope in only six cases. 
A pericardial friction rub was 


polymorphonuclear leukocytosis in thirty-four. 
heard in thirty-four and distant heart sounds with an accentuation of the Pz» in 
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fifteen cases; a gallop rhythm was recorded only occasionally. Cyanosis occurred 
in seven cases and posterior left pulmonary base dullness was found in ten cases. 
The liver was palpable in eleven cases and the venous pressure was found elevated 
in seven cases. Radiologic (Table V1) diagnostic signs of pericarditis were found 
to be present in twenty-two cases and suggestive signs were present in an addi- 
tional thirty-seven cases; normal findings were present in eighteen cases and no 
films were made in the remaining fourteen (Table VI). Electrocardiographic 
findings were diagnostic of pericarditis in thirty-five cases and suggestive in an 
additional forty-seven (Table V1). No electrocardiograms were done in nineteen 
patients, and it is significant that the tracings were within normal limits in 


only seven. 
TABLE V. SYMPTOMS AND SIGNS 


NO. OF NO. OF 

CASES | CASES 
Pain 60 Dullness 43 
Chest 40 Anterior Heart 33 
Epigastric 13 Posterior Lung 10 
Neck and Back 7 Both Posterior and Anterior 6 
Pericardial Friction Rub 34 Enlarged Liver 11 
Fever 47 High Nonprotein Nitrogen 24 
Cyanosis 7 Dyspnea 51 
Distant Heart Sounds 15 Cough 18 
Leukocytosis 34 Syncope 6 


TABLE VI. SpeEctiAL DIAGNosTIC METHOD 


NO. OF NO. OF 

RADIOGRAPHY CASES ELECTROCARDIOGRAPHY CASES 
Suggestive 37 Suggestive 47 
Diagnostic 22 Diagnostic 35 
No Evidence 39 No Evidence 22 
Not Done 14 Not Done 19 
Normal 18 Normal 7 


ELECTROCARDIOGRAPHIC DATA 


The electrocardiographic changes of pericarditis have been mistaken for those 
of myocardial infarction; however, significant differences are easily demonstrable. 
Electrocardiographic data from our cases are set down in Table VII. The S-T 
segment changes of pericarditis are the most characteristic, particularly elevation 
of the S-T segment and the concave upstroke of the T waves. In general, nega- 
tivity of the T wave does not develop in uncomplicated acute pericarditis and, in 
the chronic stages, appears only after the S-T segment drops down to or below the 
isoelectric line. However, in one case of acute trauma in this series, T negativity 
developed with S-T elevation. Q waves of myocardial infarction are never pres- 


ent in uncomplicated pericarditis. In four of our cases of epistenocardiac peri- 
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carditis with signs of myocardial infarction, the prominent concave S-T eleva- 
tions suggesting the complicating pericarditis were found. 

Serial electrocardiographic changes are of great value in diagnosis, particu- 
larly when the evolution progresses rapidly as it usually does in pericarditis. 
This evolution was found to be rapid in twenty-eight cases in our studies. 


TABLE VII. ELECTROCARDIOGRAPHIC CHANGES IN 111 CASES OF PERICARDITIS 


| NO. OF 
CASES 
Diffuse acute subepicardial injury (S-T elevation, concave in Leads I, II, III, aVi, aVr, 
and V) | 15 
Acute myocardial infarction with prominent concave S-T elevation suggesting 
complicating pericarditis | 4 
Negative or low T in Leads I, II, III, aVzi, and V 26 


Acute subepicardial injury anteriorly (S-T elevation, concave up in Lead I; at times 

II and aV1, and one or more in V; to V¢) 13 
Changes (elevation S-T, negative T, etc.) confined to one or more of precordial leads 6 
Negative T in leads only from anterior surface (Leads I, II, aVi, V) 8 
Acute subepicardial injury posteriorly (S-T elevation in Leads II, III, aVr; at times 

V; and Vz) 4 
Electrocardiographic serial changes 28 
Low voltage QRS and T 28 
Negative T in leads only from posterior surface (Leads II, III, aVr; at times V; 


and | 2 


Evidences of diffuse acute subepicardial injury (S-T elevation, concave in 
Leads J, II, 11], aVzi, aVr, and V) were found in fifteen cases with relatively rapid 
return to the isoelectric line; negative T waves developed with no definite Q wave 
changes except in the infarction cases. Acute subepicardial injury anteriorly 
(S-T elevation, concave up in Leads I and at times II, aV,, and one or more in 
V, to V«) appeared in thirteen cases. Acute subepicardial injury posteriorly 
(S-T elevation in Leads II, III, aVr, and at times V; and V.¢) appeared in four 
cases. Subacute diffuse changes as negative or low T in Leads I, II, III, aVx, 
and V were present in twenty-six cases. Chronic changes as low-voltage QRS 
and T appeared in twenty-eight cases of pericarditis. Subacute subepicardial 
injury with negative T in leads only from the anterior surface (Leads I, I], aV1, 
and V) developed in eight cases. 

REVIEW 

A review of these data and recent literature on pericarditis, along with the 
study of the records of our last 130 cases, reaffirmed some of our concepts and 
added new emphasis and ideas on other phases of the subject. 

Acute purulent pericarditis was found to develop usually during severe in- 
fection or after penetrating trauma. The primary clinical condition often domi- 
nated the picture. Acute idiopathic or nonspecific pericarditis appeared two or 
three weeks after acute upper respiratory infections. Acute rheumatic peri- 
carditis likewise followed beta hemolytic streptococcus sore throat after several 
weeks. Acute nonspecific type had been considered to be of virus origin since 
some cases have apparently responded to aureomycin. Then too, like rheumatic 
fever, it may have been an allergic reaction of serous membrane sensitization as 


suggested by McKinley.*® 
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Electrocardiograms on E. R., 58 years old, who had fever of unknown origin, with ‘‘negative”™’ 
Pericardial paracentesis yielded an exudate which 


Fig. 3. 
radiograms but changes suggestive of pericarditis. 
proved to contain tubercle bacilli. 
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Fig. 4.—Electrocardiograms on J. G., 24 years old, with subacute recurrent pericardial exudation, 
tamponade, and syncope, The pericarditis was proved to be tuberculous in nature, treated with 
streptomycin and para-aminosalicylate; pericardiectomy (8/24/50) with recovery. 
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Microorganisms are responsible for a large proportion of cases of pericarditis; 
other etiologies must be considered, however. Myocardial infarction, trauma, 
myxedema, uremia, lupus erythematosis, polyarteritis, and primary and secondary 
malignancy were etiological factors to be reckoned with in the differential diag- 
nosis. Primary acute tuberculosis of the pericardium was fairly common, and 
fungus pericarditis occurred. Acute syphilitic pericarditis has been uncommon 
in our experiences. Secondary types of pericarditis were most commonly bac- 
terial in origin but occasionally the etiology was fungus invasion or malignant 
infiltration. 
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Vig. 5.—Electrocardiograms on R. B., 21 years old, with stab wound and cardiac tamponade 
relieved by tapping; spontaneous healing without recurrence. 


Symptoms and physical signs depended to some extent upon the inflamma- 
tory processes that were present in the pericardium, the state to which it had 
developed, and the local circumstances and reaction. 

The cardinal symptoms were malaise, chills, fever, cough, dyspnea, or- 
thopnea, and pain. The pain was usually sharp, dull, gripping, aching, con- 
stricting and pressing, and usually radiated to the neck, left shoulder, and arm, 
interscapular and epigastric regions. Pain was aggravated by inspiration if the 
adjacent pleura was involved. 

The physical signs revealed the diagnostic criteria, the most significant of 
which was the pericardial friction rub. The friction rub might have been early 
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and widespread; usually it was variable and persisted in some instances only over 
the pulmonary conus. The friction rub was occasionally present over the whole 
precordium and back and was sometimes accompanied by friction fremitus. 
A diastolic pulmonic shock and accentuated P» was usually felt, and the heart 
sounds were often suppressed. Cardiac tamponade of severe degree produced 
engorgement of the neck veins, paradoxical pulse, atelectatic compression of the 
left lower lobe, occasionally complicated by pleural effusion. Removal of fluid 
by paracentesis with a prompt decrease in the cardiac outline and with pleural 
sacs clear of the fluid was considered diagnostic. The etiological factor was often 
revealed by careful laboratory study of the fluid, including culture and imbedding 
the sediment, and blocking for section and microscopic examination. 

Clinically, pericarditis is considered to be acute, subacute, or chronic in type, 
and may be active or healing. Pathologically, there may be fibrinous, exudative, 
serous, gangrenous, purulent, adhesive (partial or complete synechia anchoring 
parietal or mediastinal pericardium), and constrictive pericarditis. 

The primary nonspecific infectious type could have been questionably virus: 
questionably toxic, questionably allergic in origin since it followed upper respira- 
tory infections. This could be etiologically similar to that of rheumatic fever, 
of polyarteritis nodsa or of lupus erythematosus disseminata. Primary non- 
infectious pericarditis was myxedematous, uremic, and primary malignant in 
origin. 

Secondary pericarditis was infectious, tuberculous, malignant, pyogenic 
pneumonococcic from pneumonia, general sepsis, mediastinitis, mycotic, hemor- 
rhagic from a weeping dissecting aneurysm or due to metastatic malignancy. 
Coccidioidomycosis, actinomycosis, blastomycosis, streptothrix, and amebiasis 
have resulted in involvement of the pericardium. They may have been im- 
planted through the blood stream or have penetrated from the contiguous 
granuloma. 

Hemorrhage from traumatic myocardial contusion, gunshot wounds, stab 
wounds penetrating into the pericardium severing a coronary vessel, and rup- 
tured dissecting aneurysm have induced pericarditis. 

Epistenocardiac pericarditis was the result of myocardial infarction involving 
epicardial surface of the heart. Pneumopericardium resulted from the injection 
of air after removal of fluid, and very rarely the air may have come from medias- 
tinal emphysema due to a ruptured emphysematous bleb, the trachea, or from 
gas-producing bacteria in the pericardium. 

The anatomic diagnosis depended upon the localization, the acuteness, or 
chronicity and type of etiology. The lesion was circumscribed or patchy over the 
anterior or posterior surface, generalized or diffuse over the whole epicardium. 
There was extension to or through the parietal as well as the visceral pericardium. 
The subacute type of involvement was fibrinous, serous, hemorrhagic, purulent, 
or combinations of these. Acute and subacute pyogenic infection usually pro- 
duced the fibrinous cor villosum or shaggy heart. Multiple serositis or Pick’s 
syndrome® was usually associated with pleuritis and peritonitis. This must be 
differentiated from the hydropericardium and hydrothorax and ascites of heart 


failure. 
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In the subacute stages of chronic fibrinous to fibrous involvement, adhesions 
formed resulting in partial to complete obliteration of the pericardial cavity. 
When the parietal pericardium was penetrated, involvement of the pleura re- 
sulted with adhesions to the diaphragm and to the chest wall. Adhesions caused 
embarrassment of the heart action. Complete synechia of the pericardial cavity 
usually resulted in constriction and a small heart with restricted movement, a 
large liver, and ascites. Anchoring extra precardial adhesions, mediastinoperi- 
carditis of Concato’s syndrome contributing to cardiac hypertrophy, was prob- 
ably of rheumatic origin or the aftermath of chronic healing tuberculosis. Cal- 
cium deposition in plaques or as a shell about the heart shown in the radiologic 
films was considered an absolute diagnostic sign of chronic pericarditis, but not 


necessarily of constrictive pericarditis.'" 
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Fig. 7..—Electrocardiograms on M. L., 54 years old, with hemorrhagic pericardial effusion as a 
result of carcinomatous metastases from carcinoma of the esophagus. 


THE CLINICAL DIAGNOSIS OF PERICARDITIS 


Pericarditis must be considered as a possibility, in obscure conditions, if it 
is to be recognized as often as it occurs. The history or findings of etiological 
conditions that commonly cause pericarditis should alert the physician and render 
the condition open to suspicion. The clinical case study may or may not reveal 
an etiological factor and sometimes extensive clinical investigation may fail to 
reveal the genesis. 

The cardinal symptom of pain or distress may be characteristically propa- 
gated to the left shoulder or neck or may be only a vague distress in the pre- 
cordium or the epigastrium. Dyspnea may be the equivalent of, substitute for, 
or may follow the pain. The pathognomonic sign is the pericardial friction 
rub which may often be felt or heard when the breath is held in expiration. Bulg- 
ing of the precordium or the intercostal spaces or distention of the neck veins may 
be noted. The sharply demarcated and widened cardiac or upper retrosternal 
dullness is rarely demonstrable. The auscultatory finding of the friction rub 


47 


50 


652 AMERICAN HEART JOURNAL 


and/or very distantly muffled heart sounds are the most reliable clinical signs. 
Further data obtained by fluoroscopy, teleradiography, kymography, electro- 
kymography and electrocardiography are the most acceptable accessory diag- 
nostic aids. 

CONCLUSIONS AS TO TREATMENT 


The treatment of pericarditis is determined by the etiological factor and the 
anatomic changes that have been established. Antibiotics used against primary 
infection often prevent and/or abort a pericarditis. Serous effusions only occa- 
sionally require paracentesis. Purulent exudate usually requires surgical drain- 
age. Two cases of tuberculous pericarditis have convinced us that pericardiec- 
tomy should be considered early, immediately after a course of streptomycin 
and PAS therapy. Aureomycin may be considered as worthy of trial in patients 
with acute idiopathic or nonspecific pericarditis. 
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LYMPHOCYTOPENIA IN HEART DISEASE 


RupoLF ALTSCHUL, M.U.Dr. 


SASKATOON, SASK. 


N A previous paper,’ it was reported that in coronary infarction there is 

often a marked decrease in the absolute lymphocyte count. This investiga- 
tion had been undertaken to establish whether variations in the white blood cell 
count occur in the course of arteriosclerosis. Cases of coronary infarction had 
been chosen for study although it was realized that a small number of these cases 
might have been caused by conditions other than arteriosclerosis and that in a 
few instances the arteriosclerosis might be restricted almost entirely to the 
coronary vessels. In such cases therefore the white blood cell picture might not 
be truly representative of arteriosclerosis. 

In that report the number of cases studied was relatively small so that the 
findings had to be treated with caution, but additional studies have confirmed the 
earlier observations so that it seems advisable to publish the complete findings. 

The average lymphocyte count andsits normal range have not been finally 
determined. For some authorities the range is very wide, for others narrow. 
The ‘‘normal” proportion of lymphocytes has been commonly given as 20 to 
25 per cent. More recently, this has been raised to 30 per cent, and several 
authors now consider 25 to 40 per cent (Osgood and Ashworth;* Augarten‘) 
or 35 to 45 per cent (Castelle-Rothe’) as normal limits. The last named author 
in 174 healthy persons found none with less than 30 per cent. Branscheid and 
Erhardt® give even 33 to 47 per cent as normal, with a mean of 40 percent. These 
percentages by themselves give no indication of the absolute number of lympho- 
cytes in any given case. They are, therefore, almost valueless unless the total 
count is also given since there is no universally accepted standard, and there 
is much individual variation. The ‘normal’ lymphocyte count is usually given 
as 2,000 to 3,000 per cubic millimeter although some authors give 1,500 as the 
lower limit and 4,000 as the higher. Schilling?’ accepts 1,050 and: Boerner® 
even 1,000 as lowest limit of the ‘‘normal.’’ Elmadjan and Pincus (1946) 
made six lymphocyte counts at regular intervals throughout the whole day on 
each of twelve normal persons. The lowes} lymphocyte count was 1,430 per 
cubic millimeter, the highest 5,570. In another study™ on eleven normal persons 
these authors found 2,020 lymphocytes per cubic millimeter as the lowest and 
5,417 as the highest count. 

There are also physiologic variations due to age, such as the generally ac- 
cepted and considerable lymphocytosis of early life and a much discussed varia- 
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tion in old age. Many authors record a moderate lymphocytosis of old age 
(Augarten;* Aberg and Tétterman;! Corell®), while Weidenreich*® reported a 
decrease from 31.6 per cent to 20.4 per cent between 67 and 81 years and Val- 
lastro®’ a decrease of 4.1 per cent in the third and fourth decades and in the aged 
(60 years and over). On the other hand, some authorities maintain that age has 
no influence whatever on the white blood cell count (Stieglitz?*). There are also 
geographic differences: For instance, the lymphocyte count of people living in 
Europe differs from that of people living in China. That this is not a racial differ- 
ence is shown by the fact that Chinese living in Europe show the European formula 
(Augarten'). The influence of a maritime climate is believed to be the cause of 
differences between the lymphocyte counts of people living in Copenhagen and in 
Berlin (Augarten‘). Even lesser geographic differences (e.g., between Berlin 
and Jena) are reported to influence the lymphocyte count (Castelle-Rothe’), 
Altitude seems to modify it, as do pregnancy, the climacteric, exposure to the sun, 
and exposure to cold. However, none of these fluctuations extends beyond the 
accepted physiologic range. Reports on the effect of ingestion of glucose are con- 
tradictory. Freeman and Elmadjan,'’? Marks and associates,” and Lazarus and 
co-workers,’ report a depression, Castelle-Rothe’ a lymphocytosis. 

Few authors deal with lymphocytopenia as a pathologic feature, and some 
standard texts and handbooks of hematology do not even index it (Kracke;" 
Downey;" Hirschfeld and Hitmair'’). 

Lymphocytopenia of pathologic significance is reported in all types of 
aplastic anemia, pernicious anemia, Banti’s disease, anemia due to liver cirrhosis, 
thrombosis of the portal vein (Osgood and Ashworth”), and Hodgkin’s disease 
(Wintrobe*). Fever first causes lymphocytopenia, followed by lymphocytosis 
(Naegeli;”? Castelle-Rothe’). The occasional drop in the number of lymphocytes 
during septic hyperleukocytosis is of ominous significance (Naegeli;** Schilling**). 
Marked lymphocytopenia also follows extensive destruction of lymphatic tissue. 

De la Balze, Reifenstein, and Albright! in ten cases of Cushing’s syndrome 
found two patients with less than 1,000 lymphocytes per cubic millimeter (630 
and 384, respectively) and a low average of 1,500, 13.1 per cent for all cases. 
They concluded that ‘lymphocytes are rarely found to be decreased” and a “‘per- 
sistent lymphopenia should suggest Cushing’s syndrome.” 

Reports of lymphocyte counts under 1,000 per cubic millimeter are not in- 
frequently encountered in general readings. Rosenthal,” in a report on twenty 
patients suffering from a variety of severe conditions, mentioned a patient with 
Hodgkin's disease with 216 lymphocytes out of a total white blood cell count of 
900; two patients with liver cirrhosis, one with 576 lymphocytes out of 3,200 
white blood cells, the other with 800 out of 4,000 white blood cells; and one with 
nutritional anemia who had 950 lymphocytes out of 3,800 white blood cells. 
Reich and Reich® in ninety-four blood counts of seventeen nonleukemic patients 
found five with lymphocyte counts between 320 and 984. There are, certainly, 
many other reports of lymphocytopenia scattered in the world literature. 

Although there are numerous reports on the total leukocyte count in coronary 
infarction, | was unable to find any reference to the absolute or relative number of 
lymphocytes, with the exception of one publication by Altana and Pulino.? In 
addition to the total white blood cell counts, these authors reported the relative 
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number of lymphocytes in various cardiac diseases, but ignored the frequent 
absolute lymphocytopenia found in their material, particularly in myocardial 
sclerosis. From their percentages we calculated the absolute number of lympho- 
cytes and found numerous cases of severe absolute lymphocytopenia (Fig. 5). 


RESULTS 

Figures showing the absolute or the relative average number of lymphocytes 
for a group of individuals, even if supplied with the standard error, fail to give the 
average reader a clear picture of the deviation from normal, widely as this latter 
might be accepted. Such deviations are better and more simply presented in a 
diagrammatic way, as has been done in the following. 


Counts from 62 healthy individuals (Aged i¢-2syrs)} 
Saskatoon, 
10} 
9 
3 8 
> 6 
os 
z 
4 
3 
2 
| |_| 
oO ° ° ° ° ° ° ° ° ° ° ° 
° ° ° ° ° re) ° ° ° 
> Lymphecytes /cumm, 
Fig. 1. 
Coronary Infarctions-St.Paul’s and City Hospitals-Saskatoon 
(68cases;8Scounts) 
10 
9 
a 
6 
3 
7 
6 
5 
3 
2 
° ° ° ° ° 
Lymphocytes-/cumm, 


Fig. 2. 


Since some patients had several counts done with great variations between 
the individual counts, in the following the total number of counts made has 
been given in addition to the number of cases. The first graph (Fig. 1) presents 
the absolute lymphocyte counts from a group of sixty-two healthy young in- 
dividuals (medical students and technical personnel) taken between 9 and 10 A.M. 
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in Saskatoon. The average number of lymphocytes was 2,675 per cubic milli- 
meter, with a standard error of + 55. The second graph (Fig. 2) gives the 
lymphocyte counts of patients suffering from myocardial infarction taken from 
the charts of St. Paul’s and City Hospitals, Saskatoon.* ‘The average count was 
1,612 per cubic millimeter, with a standard error of + 67.5. The ages of the pa- 
tients ranged from 47 to 89 years with an average of 62 years. The great majority 
died of the myocardial infarction and so provide a group of very severe cases. 
Fig. 3 gives 172 lymphocyte counts on 134 patients with coronary infarction in 
the Metropolitan Hospital, Welfare Island, N. Y.t In this group the average 
lymphocyte count was 2,430 per cubic millimeter, with a standard error of 
t 60.8. 
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There is a considerable difference between the results obtained in the local 
cases and those found in the Metropolitan Hospital. It may be at least partly 
explained by the fact that most of the cases from Saskatoon (62 out of 68) were 
‘autopsy cases.’ On the other hand, there was a higher incidence of lympho- 
cytosis in patients of the Metropolitan Hospital, due probably to concomitant 
diseases. Fig. 4 combines the two groups from Saskatoon and New York and 
was computed to arrive at a less variable result. 

It might be suggested that the lymphocytopenia observed in these patients 
with heart disease has been caused by the administration of drugs. Although a 
number of patients with low lymphocyte counts had received morphine and 
atropine or barbiturates before the blood samples had been taken, in an equal or 
even larger group no drugs whatever had been given previous to the examination. 

It is well known that patients with coronary infarction, particularly the 


*Courtesy Dr. D. F. Moore and Dr. J. W. Adams. 
tCourtesy Dr. L. J. Boyd and Dr. E. Lifshutz. 
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No clear relation between marked 
lymphocytopenia and neutrophilia could be shown in our cases. 
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significant proportion of the whole group showed lymphocytopenia, those with 
myocardial sclerosis showed a relatively larger number with low lymphocyte 


In this group (Fig. 8) there also were some low lymphocyte counts, which may 
be partly due to the psychologic “stress’’ of the hospital milieu, partly to the 
higher age or to some heart insufficiencies. Of nine patients with strangulated 
hernias, three had a lymphocyte count below 1,000, while of the other forty-three 
patients with simple hernias only two had less than 1,000 lymphocytes per cubic 
millimeter. The number of cases is too small, however, to permit any definite 
conclusion. 


counts or outright lymphocytopenia (Fig. 5). ¢ 

To compare myocardial lesions with other types of heart diseases, patients 
with decompensated rheumatic heart disease and with hypertension were also 
examined. In both groups were numerous patients with low or very low lympho- 
cyte counts (Figs. 6 and 7). Obviously, the cases of hypertension may include a 
proportion of patients with “silent’’ myocardial lesions. 

Finally, the blood findings in fifty-two patients 60 years or older, hospita- 
lized for hernia, were examined. These provided a better control than our first 
group (Fig. 1) since they were similar in age to the patients with coronary disease 
and were exposed to the same psychologic effect of the hospital atmosphere. 
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Unfortunately, we were unable to secure significantly large numbers of 
lymphocyte counts from old people in good health or from young people under the 
psychologic stress of hospitalization but without diseases which might affect 
the lymphocyte count. 

DISCUSSION 

Neither in our own material nor in the literature have we found in healthy 
people anyone with a lymphocyte count less than 1,000 per cubic millimeter. 

In our survey, lymphocytopenia of less than 1,000 cells per cubic millimeter 
was found relatively often in cases with myocardial infarction, decompensated 
rheumatic heart disease, and hypertension and less frequently in old people 
hospitalized for hernia operation. The problems are (a) whether marked lympho- 
cytopenia has a pathologic significance, (b) why it occurs only in certain periods 
of the disease, (c) whether it is due to stress, to circulatory disturbances, or to 
other factors. Coarse technical “errors” can be generally ruled out as an ex- 
planation of the findings since careless technicians would be inclined to give 
normal rather than unusual figures. As to (a), the absence of lymphocytopenia 
with values below 1,000 lymphocytes per cubic millimeter in normal individuals, 
as noted by Pincus and Elmadjan," in our own group, and apparently in Castelle- 
Rothe’s material,’ and its relatively frequent occurrence under pathologic condi- 
tions make it likely that marked lymphocytopenia has a definite pathologic 
significance. As to (b), it is not clear why it may be present at one time and 
absent at other times in the same patient. As to its pathogenesis (c), we know 
from the experiments by Pincus and Elmadjan™* that the lymphocytopenia of 
acute stress does not attain such low values as those found in the patients with 
heart disease. The relation of emotional stress to the white blood cell picture is, 
moreover, complicated by the finding of Farris'® that emotion by itself causes 
lymphocytosis. Also, many low lymphocyte counts were found in our patients 
to occur only after the disease had lasted several days or weeks, when an acute 
stress situation would no longer exist or would have passed its peak. However, 
this stress factor deserves further investigation, especially in view of the role 
of the pituitary gland (Colfer and associates*) and the suprarenal cortex in regu- 
lating the number of lymphocytes (White and Dougherty”), even if at present no 
direct relation can be seen in our cases. 

That circulatory factors have an influence on the white blood cell picture 
has been previously contended (Riickel and Spitta;?? Ellermann and Erlandsen"). 
The main factor would be a slowing of the blood stream and stagnation of the 
white blood cells in the capillary bed. However, this would not explain the selec- 
tive lymphocytopenia and the frequent relative and absolute neutrophilia. In 
this uncertainty about the pathogenesis of lymphocytopenia hitherto unknown 
factors cannot be ruled out. Future work will not only have to attempt to explain 
the pathogenesis, but to show also whether marked lymphocytopenia is of diag- 
nostic and prognostic value. 

In the present report I have tried not to give the impression that lympho- 
cyte counts below 1,000 per cubic millimeter occur only in diseases of the heart, 
although it may be that when they are found in other conditions circulatory in- 
sufficiency is a factor in their production. 
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SUMMARY 

Hospital charts of patients with coronary infarction were examined with 
a view to determining the lymphocyte counts in these cases. A relatively large 
number had lymphocyte counts under 1,000 per cubic millimeter, counts which 
were not found in normal persons. Patients of Altana and Pulino? seem to have 
shown similar blood reactions. Marked lymphocytopenia was also found in 
patients with rheumatic heart lesions and with hypertension but less frequently 
than in those with coronary infarction. Lymphocytopenia was present in a 
moderate number of old people hospitalized for hernia operations. The patho- 
genesis and clinical importance of marked lymphocytopenia are briefly discussed. 
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SYSTOLIC AND DIASTOLIC LOADING OF THE HEART. I. 
PHYSIOLOGIC AND CLINICAL DATA 


ENRIQUE CABRERA C., M.D., AND JosE R. Monroy, M.D. 


Mexico City, MEXxIco 


INTRODUCTION 


INCE Blix’s studies® we know that the initial length of a muscle fiber may 
\7 modify the energy of contraction and, consequently, the work done by such 
a fiber. This phenomenon so defines a length-tension or length-work curve both 
for an isolated muscle or for a single muscle fiber.** The curve first rises, then 
falls, with an intermediate maximum point; in other words, there is an optimum 
length for the muscle to develop the maximum of contractile energy. 

The same phenomenon applies to the heart.” The initial length may then 
be modified by modifying the diastolic filling while the work can be approxi- 
mately calculated by multiplying the output by the mean pressure developed by 
the heart. The new curve shows a certain diastolic filling which permits a maxi- 
mal work to be done. From the beginning to the top of the curve there are favor- 
able conditions for the adaptation of the heart, which can increase the work done 
as the diastolic filling increases. In this case the loading of the heart primarily 
modifies its diastolic conditions, so we speak of “‘diastolic overloading.”’ 

When the heart is under hemodynamic conditions which abnormally in- 
crease the diastolic filling (as in the case of regurgitation of any heart valve), 
the effect of Starling’s law is easily understood: the chamber that is overloaded 
develops a stronger contraction, increases its systolic stroke, and so compensates 
totally or in part the effects of valvular regurgitation. . The problem would be a 
little more complicated when the hemodynamic abnormality, without altering 
by itself the diastolic filling, primarily modifies the systolic action of the heart, 
that is, the conditions present once the heart is in the middle of its contraction. 
This is the case in arterial hypertension, aortic stenosis, etc. At present, it is 
admitted! that even in these cases the heart compensates by 
means of Starling’s mechanism, only not immediately, with the first beats after 
the installation of the obstacle. For a few beats the heart would fail to empty 
as before, so increasing with this remnant the diastolic filling, which in turn would 
make Starling’s mechanism act. This opinion is sustained by the results of acute 
experiments* on the heart-lung preparation.” In consequence it is agreed that 
Starling’s law is the fundamental mechanism of compensation both for over- 
loadings which are primarily systolic or diastolic; the cardiologist does not try 
to make an essential distinction between these two types of overloadings. 


From the Department of Electrocardiography of the Institute of Cardiology of Mexico. 

Received for publication Jan. 2, 1952. 

*We agree with Moe and associates’ objection*® in the sense that Patterson and associates were 
actually measuring the increments of coronary flow as part of the increments of heart volume. 
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DISCUSSION 


A. Work of a Muscle Which Is *‘After-loaded’’.—lf the initial or diastolic 
length of a muscle is kept constant as the loads are varied, we say that it has vari- 
able ‘‘after-loading”’ or “‘systolic loading,’’ since the mechanical diastolic conditions 
are the same while those during contraction have been modified. Under these 
circumstances a progressive increase of load determines the amount of work, 
which increases at first, then declines.'® The general form of the curve is similar 
to that of Starling’s phenomenon only its peak is anticipated and less high. 
At any rate, there also exists an interval (first limb of the curve) where the muscle 
may perform increasing work as the load increases. This phenomenon has also 
been found in cardiac muscle.” Let us indicate that not only the work but the 
total oxygen consumption,” and probably the cardiac efficiency as well, show an 
initial increase for increasing loads.'*? In the case of an innervated heart, the 
systolic overloadings due to elevation of the aortic pressure produce some brady- 
cardia, thus giving rise to a still higher cardiac efficiency.™ 

In considering these facts we see that, even if one accepts that Starling’s 
law may act as a compensatory mechanism in the case of a systolic overload- 
ing, the increments in the work of the heart are due in a considerable proportion 
to mechanisms which are independent of the initial length of the fibers. Neverthe- 
less, as the work is approximately equal to the mass of blood ejected times the 
mean pressure developed, this product could increase even when the systolic 
output diminishes, provided the rate of increase for the systolic loading was higher 
than the rate of decrease for the systolic output. This leads us to consider the 
length-tension curves of isolated muscle or the volume-pressure curves of the 


heart. 


B. The Length-Tension Curve of a Muscle in Diastole and Systole-—For a 
relaxed muscle the slope of the curve is steeper as the length increases, while in 
a contracted muscle the curve is almost vertical at first, then its slope diminishes 
until it practically disappears® (Fig. 1). This is also true for the volume-pressure 
curve of the heart” (Fig. 1). A line uniting the first (diastolic) curve to the second 
(systolic) curve represents the different lengths and tensions developed during 
mechanical activation of the muscle. A line going vertically from the first to 
the second curve represents the tension changes in an isometric contraction 
(in this way the length remains constant). A line going horizontally from the 
first to the second curve represents the length changes in an isotonic contraction 
(now the tension remains constant). Actually, neither an isolated muscle nor the 
heart contract in a simple isometric or isotonic form but they pass from the 
first to the second curve, following a peculiar trajectory which is at first almost 
isometric then almost isotonic. 

By the consideration of these curves it is to be expected that, if there is no 
compensatory mechanism which could develop once the muscular contraction 
starts,* an increase in the systolic loading would prolong the “‘isometric’’ phase of 
contraction and reduce the amount of shortening during the “‘isotonic’’ phase, 


*This is actually the hypothesis assumed by the cardiologists who have discussed the problem. 
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The difference between this amount of shortening and that developed with a 
smaller systolic loading would be the cause of the systolic remnant of blood in the 
case of the heart. This remnant in turn would be the cause of an increased 
diastolic filling during the next contraction, thereby putting into play Starling’s 
compensatory mechanism. But, at least for a considerable interval, the incre- 
ment of diastolic filling so produced would be relatively small compared to the 
increment of work and even compared to the increment of systolic load, because 
of the lesser slope of the diastolic length-tension curve as compared to that 
of the systolic one (Fig. 1). In turn, a diastolic overloading would produce an 
increment of work which is in percentage strictly equal to the increment of 
diastolic loading. 
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Fig. 1.—In the length-tension diagram: R, curve of a relaxed muscle; C, curve of a contracted 
muscle; m m’, isometric contraction; t t’, isotonic contraction. 


In the volume-pressure diagram: D, diastolic curve; S, systolic curve; a bc, theoretical contraction 
for a certain (p’) afterloading; a b dq, first theoretical contraction for a higher (P’) afterloading; e f g, 
second theoretical contraction for a higher (P’) afterloading. 


Compare the increment in the diastolic volume (AV) with the increment in the work (surface of 
the parallelogram e f g minus surface of the parallelogram «¢ bc). From Patterson et al.‘2 


The mere consideration of these facts should make us expect, in systolic 
overloading, a mechanism of compensation, an oxygen consumption and meta- 
bolic circumstances greatly differing from those present in diastolic overloading, 
even if the percentage of such overloading were the same in both cases. Further- 
more, it is known that the amount of energy liberated by a muscle does change 
even if the loading conditions were modified once the muscular contraction has 
started.'®*° On the other hand, a higher work and higher oxygen consumption 
induce muscular hypertrophy, thus permitting a greater amount of shortening 
for equal systolic loading and rendering unnecessary the previous fiber lengthen- 
ing which was supposed to maintain unaltered the output. 


Consequently, we feel justified in postulating, as a working hypothesis, the 
idea of a dualistic behavior of the heart in the presence of diastolic or systolic 
overloadings, in order to examine the clinical facts and see whether or not this 
hypothesis is tenable and of practical use. 
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C. The Different Types of Clinical Ventricular Overloadings.—Let us classify 
the ventricular overloadings in four groups: diastolic overloading (D.O.), systolic 
overloading (S.O.), composite overloading upon a single ventricle (C.O.) or vari- 
able overloading for a single ventricle (V.O.). 


1. Diastolic overloadings (D.O.).—The right ventricle (R.V.) may face a D.O. in the case of 
pulmonary regurgitation, tricuspid regurgitation, auricular septal defect with left-to-right shunt, 
anomalous pulmonary veins draining into the right auricle or the superior vena cava, etc. The 
left ventricle (L.V.) may havea D.O. in the case of aortic regurgitation, mitral regurgitation, patent 
ductus arteriosus with aortopulmonic shunt, auricular septal defect with right-to-left shunt, etc. 

Both ventricles may show an equal degree of D.O. in the case of an arteriovenous aneurism. 


2. Systolic overloadings (S.O.).—The R.V. may have S.O. in the case of pulmonary stenosis 
or in pulmonary hypertension as is found in mitral stenosis, chronic cor pulmonale, certain cases 
of patent ductus arteriosus, etc. The L.V. will be in S.O. in the case of aortic stenosis, arterial 
hypertension, etc. 

3. Composite overloadings (C.O.) upon a single ventricle-—The R.V. may have both D.O. and 
S.O. in Fallot’s tetralogy (the pulmonary stenosis together with the overriding of the aorta deter- 
mine the S.O. while the blood shunted from the R.V. to the aorta increases the diastolic loading 
of the right cavities); in Fallot’s trilogy (pulmonary stenosis, interauricular communication, 
and intact interventricular septum) when the shunt from the left auricle to the right auricle 
persists; in Lutembacher’s syndrome; in mitral stenosis associated with tricuspid insufficiency or 
pulmonary regurgitation; in patent ductus arteriosus associated with a shunt from the pulmonary 
artery to the aorta or with pulmonary regurgitation; in acute cor pulmonale, where by definition 
the sudden increase of pulmonary pressure forces the R.V. and hinders its complete emptying, etc. 

The L.V. is under a C.O. in the case of a double aortic lesion, an aortic stenosis associated with 
mitral regurgitation, an arterial hypertension associated with aortic regurgitation, or with mitral 
regurgitation, a patent ductus arteriosus combined with coarctation of the aorta of the “adult” 
type, etc. 

4. Variable overloadings (V.O.) for a single ventricle. 

a. Diastolic overloadings becoming systolic: The ligation of a patent ductus arteriosus or 
that of an arteriovenous aneurism produces at the same time a decrease in the diastolic filling of 
the L.V. and an increase in the mean pressure of the aorta (so a S.O. of the L.V.). 

b. Systolic overloadings becoming diastolic: An imperfect example of this type is found in 
the R.V. when a mitral stenosis with marked pulmonary hypertension develops a functional 
tricuspid insufficiency, so giving rise to a lowering of the pulmonary pressure with higher diastolic 
filling of the R.V.!0-17,-22,36,52 

c. Systolic overloadings becoming composite: When a S.O. of the R.V. is of very high mag- 
nitude or sudden onset or it becomes complicated by myocarditis, an incomplete emptying of the 
R.V. (a D.O. of the R.V.) is produced.*® This is the case in long-standing and high pulmonary 
hypertension, in marked pulmonary stenosis, in mitral stenosis complicated by acute rheumatic 
carditis, etc. 

A progressively increasing pulmonary hypertension complicating a patent ductus arteriosus 
may induce a shunt from the pulmonary artery to the aorta, by these means the S.O. of the R. V. 
becoming a C,O,"6.41,37 

Once a coronary insufficiency or a myocarditis develops in the case of aortic stenosis, coarcta- 
tion of the aorta, or arterial hypertension, the L.V. fails and the initial S.O. is converted into a C.O. 


D. Clinical, Radiologic, and Pathologic Evidence. 
1. Cases with S.O.—Experience shows that systolic overloadings of the 
L.V. leave the heart volume within normal limits for a long time, merely inducing 


a shortening of the radius of curvature of the L.V. as shown by x-ray examina- 
tion.??-?',6.39.44.47 Tn these cases, autopsy shows a thick-walled L.V. without 
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important dilatation of its cavity.*® There may even be a slight diminution in 
the size of the cavity.*' During the first stages of arterial hypertension, angio- 
cardiography is not only unable to discover an incomplete emptying of the L.V. 
but the so-called ‘‘systolic images”’ of the L.V. (where the left auricle and the aorta 
appear filled while the left ventricular cavity is not shown) are still more frequent 
than in normal subjects." It is only when the S.O. of the L.V. is associated with 
a poor myocardial condition,?°*!:*.5*.59.44,47,52 that heart failure and dilatation 
of the L.V. supervene, according to clinical, x-ray, angiocardiographic, and 
pathologic evidence. 


Systolic overloading of the R.V. determines an incomplete emptying more 
readily than that of the L.V., probably due to the interaction of three factors: 
(1) it attains magnitudes proportionally higher (the mean pressure of the aorta 
rarely approaches a 170 per cent of the normal value, while that of the pulmonary 
artery may reach a 500 or even 600 per cent of it); (2) the R.V. has a thinner wall; 
and (3) a great number of cases with pulmonary hypertension (those due to 
mitral stenosis) are accompanied by severe, diffuse myocardial damage. This 
leads the R.V. to an anatomic behavior which is not so characteristic as that 
of the L.V. Nevertheless, in cases with S.O., one can find a R.V. with a thicken- 
ing of the free wall and a slight or moderate dilatation of the outflow tract only.?! 
The difficulty in making evident an x-ray enlargement of the R.V. during the first 
stages of a well-compensated mitral stenosis, a moderate pulmonary stenosis, 
a patent ductus arteriosus, or a chronic cor pulmonale is also well known.*:!!?.*6, 
4.47 Qne can even find at autopsy a thickening of the wall with diminution of 
the cavity of the R.V. in spite of S.O., especially if there is a condition hindering 
the «iiastolic filling. We have seen such a case at the Instituto de Cardiologia de 
México. (V.B.L., 17100; 41-year-old boy with marked cyanosis. Angiocardiog- 
raphy and autopsy proved a pulmonary stenosis with interauricular communica- 
tion giving rise to right-to-left shunt.) Taussig reports'® two more cases: one, a 
tetralogy of Fallot with extreme pulmonary stenosis and a patent foramen ovale 
which “would have permitted some flow of blood from the right auricle to the 
left,” in which the cavity of the R.V. was found to be “extremely small’’; the 
other, also a tetralogy of Fallot with slight dextroposition of the aorta and 
marked pulmonary stenosis, in which “the R.V. was a small, thick-walled 


’ 


chamber.’ 


However, a C.O. easily supervenes once a tricuspid or pulmonary regurgita- 
tion or a right ventricular failure complicates the S.O. of the R.V. 


2. Cases with D.O.—-D.O. of the L.V. usually induces a considerable dilata- 
tion of the cavity with slight thickening of the wall. The former appears early 
at clinical and x-ray studies and is not necessarily related to the degree of left 
ventricular failure.':*-**.447.2 Cardiologists are well acquainted with such a 
“paradox”’ as that of a dilated L.V. with adequate myocardial sufficiency in cases 
of aortic regurgitation! or patent ductus arteriosus.*' Furthermore, a dilatation 
of the L.V. after Blalock-Taussig“*:7-* or a Brock*® operation (both surgical pro- 
cedures increase the blood return to the L.V.), without evidence of left ventricular 
failure, is a well-proved fact. 
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In D.O. of the R.V. one can find the most outstanding dilatations of the R.V., 
often associated with dilatation of the right auricle. Such dilatations usually 
affect both tracts of the ventricular cavity (in contrast to the simple dilatation 
of the outflow tract as seen in S.O.), a preponderence of the inflow tract not being 
rare. These findings have been abundantly mentioned in tricuspid insuffi- 
interauricular septal old mitral stenosis 
with rheumatic carditis, acute cor pulmonale,?’**** anomalous drainage of the 
pulmonary veins into the right auricle or the superior vena cava, etc.':-18.% 
29 46 49,50 

Among interauricular communications one can also see the “paradox’’ of 
dilated right ventricular cavities without right ventricular insufficiency. The 
total reduction of heart enlargement after the ligation of an arteriovenous aneur- 
ysm (producing disappearance of the D.O. for the whole heart) is also a well- 
known fact.?:!7 22 24 ,36 ,44 ,52 

We feel that any cardiologist with a fair practice can easily confirm and 
enlarge the number of examples proving a dualistic behavior of the ventricles 
under systolic or diastolic overloadings and, in turn, can benefit in his practice by 
keeping this viewpoint in mind. 

CONCLUSIONS 

A. Cases Where Starling’s Mechanism Comes Into Play.—The mediation of 
Starling’s mechanism in a case of primitive D.O. seems out of the question. 
It may act by itself or be aided by a moderate tachycardia which permits an 
increase of the cardiac output without importantly increasing the stroke volume, 
so allowing an important reserve in the utilization of Starling’s law. Under these 
circumstances, the higher total oxygen consumption of the muscle fibers induces 
a ventricular hypertrophy, giving rise to a widening of that interval in which 
an increase of diastolic filling determines an increase of heart work. For these 
cases with a primitive D.O., it is doubtful that a ventricular dilatation could be 
interpreted as a failure of the ventricle. 

On the other hand, the probability for Starling’s mechanism to act in cases 
of primitive S.Q. increases only as the functional capacity of the myocardium 
is decreased or the magnitude of the loading increases. Consequently, for these 
latter cases one may accept the opinion that ventricular dilatation is to be con- 
sidered as an evidence of myocardial failure. 

B. Cases Where Mediation of Starling’s Law Is of Unimportant Account. 
This seems to be the case for S.O. of moderate degree with a healthy myocardium. 
The probabilities of, and the span of time for this being the case, are higher for 
the left ventricle. It is doubtful whether a clinical S.O. requires Starling’s com- 
pensatory mechanism during the first moments after its installation,* as clinical 
cases with a healthy myocardium can hardly be compared with a decaying heart- 
lung preparation in which the loading is applied suddenly. But even if one 
accepts its mediation during these first moments it seems completely void of im- 
portance once the cardiologist confronts the case with a well-compensated heart. 


*Arterial hypertension acting upon an innervated heart is a particular case, as it can slow down 
the rate, so increasing its diastolic filling in a way which has nothing to do with the classically accepted 
incomplete emptying of the heart. However, this change of rate does set into action Starling’s mechan- 
ism. 
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SUMMARY 


1. The authors briefly present the unicist classical theory which considers 
Starling’s mechanism as a compensatory mediator both for primarily diastolic 
and for primarily systolic overloadings. 

2. The theoretical possibilities that Starling’s mechanism could be of no 
important value for primarily systolic overloadings are presented. 

3. <A brief review is made of clinical, x-ray, and autopsy evidence in favor 
of this theoretical viewpoint. 

4. It is concluded that the theory of a dualistic compensatory mechanism 
of a heart which confronts a diastolic overloading or a systolic one is of great 
advantage over the unicist theory which reduces both to Starling’s law. 

5. The authors will show in a paper to follow that it is also possible to 
discover a different electrocardiographic behavior for different types of over- 
loadings. 
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SYSTOLIC AND DIASTOLIC LOADING OF THE HEART. II. 


ELECTROCARDIOGRAPHIC DATA 


ENRIQUE CABRERA C., M.D., AND JosE R. Monroy, M.D. 


Mexico City, MEx1Ico 


“T“HE ORIGINS of this paper can be found in the publications of the Depart- 

ment of Electrocardiography of the Institute of Cardiology of Mexico.* These 
publications have had two fundamental aims: (1) to give not merely a descrip- 
tion but a true semeiologic interpretation of electrocardiograms, and (2) to eluci- 
date the electrogenesis of them. On the other hand, we had arrived at the con- 
viction that the clinical, x-ray and autopsy behavior of the ventricles is different 
in systolic or diastolic overloadings."* So we were led to investigate the different 
electrocardiographic behavior. 


OVERLOADINGS OF THE RIGHT VENTRICLE 


1. Diastolic Overloading of Right Ventricle-—We have observed that a 
primitive diastolic overloading of the right ventricle produces, frequently and 
early, a complete or incomplete right bundle branch block, as judged by right axis 
deviation and especially by the QRS aspect in V; with a double R, a polyphasic 
or just notched complex (Fig. 1). Sometimes, this pattern has to be looked for 
upon the right side of the chest. 

Almost every case of interauricular communication with left-to-right shunt 
shows a right bundle branch block.*:*3!: Among thirty-five cases of inter- 
auricular communication studied by Vizcaino and associates,” all but one (in 
this case the shunt was probably a right-to-left one) had a complete or incomplete 
right bundle branch block. In sixty-two cases reported by Barber and associates,* 
95 per cent showed a right bundle branch block. On the contrary, in tricuspid 
atresia, where the auricular septal defect gives rise to a right-to-left shunt, a 
right bundle branch block is much less frequent. In consequence we believe that 
it is not the anatomic defect by itself but the hemodynamic changes which 
produce a right bundle branch block in interauricular communications. 

In cases of tricuspid insufficiency proved at autopsy, a right bundle branch 
block is found in 47 per cent" or 65 per cent. In cases of tricuspid insufficiency, 
we have often observed that both the signs of tricuspid regurgitation (liver pulsa- 
tion and Rivero-Carvallo’s murmur) and those of right bundle branch block 
diminish or disappear as the heart failure improves (Fig. 2). 


From the Department of Electrocardiography of the Institute of Cardiology of Mexico 
Received for publication Jan. 2, 1952. 
*See the papers on Electrocardiography published by Archivos del Instituto de Cardiologia de 


México since 1944. 
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those cases with right 


Among congenital heart diseases proved at autopsy, 
bundle branch block coincide with a dilated right ventricle (this can be taken as 
testimony of a primitive or secondary diastolic overloading of the right ventricle). 

In Fallot’s trilogy, where the left-to-right shunt between the auricles may dis- 
appear or even become inverted, a right bundle branch block is less frequent. 
Among fifteen cases, Joly and associates found only one case of right bundle 
branch block.” Among seven cases of marked pulmonary stenosis reported by 
Marquis” there was also only one case of right bundle branch block. In Fallot's 
tetralogy, the diastolic overloading of the right ventricle is frequent* and so is 
right bundle branch block, which can only be concealed by the signs of systolic 


+ 
= 
. : 
+ 
7 
i | 
ore 
+ 


Fig. 1.—Lead V; in twenty-one cases of atrial septal defect proved by cardiac catheterization. 
Right bundle branch block is evident in the first nineteen cases, probable in Case 20 and absent in 
Case 21 (see text). 


overloading of the right ventricle. As Zuckermann has shown,” right bundle 
branch block produces an early notching of the R wave at V; in these cases 
(Fig. 3). This notching can be seen in Zuckermann’s cases” as well as in those 
of Donzelot and associates.*! Acute cor pulmonale, which by definition pro- 
duces a diastolic overloading of the right ventricle because it fails under 
the sudden pulmonary hypertension, frequently gives rise to incomplete 
right bundle branch block, which is often fleeting (Fig. 4). This has been proved 


24 47 53,79 


in clinical practice®’“*-*°**.78 as well as in the experimental field. 


*The blood shunted from the right ventricle to the aorta goes through the systemic circulation and 
increases the venous return to the right cavities. 
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In the case of an aneurysm of the sinus of Valsalva opening into the right 
ventricle, an intraventricular block (probably a right bundle branch block) has 
frequently been reported.****8 In such cases the diastolic overloading of the 
right ventricle is obvious. But Snyder and Hunter®* believe that the cause of 
the block is the extension of the aneurysm to the interventricular septum, so affect- 
ing the branches of the bundle of His. Espino and associates have reported a 
case where the right coronary artery opened directly into the right ventricle 
producing dilatation and a right bundle branch block*’ (Fig. 5). 


| | 


Ill 


A. B. C. 


Fig. 2 (J.M.N., 12 yrs. old, Reg. 2263).—A case with mitral stenosis and regurgitation, and tri- 
cuspid regurgitation. 

A, April 23. Patient had no evident signs of tricuspid regurgitation; incomplete right bundle 
branch block was absent. 

B, April 25. Patient was in marked cardiac failure; tricuspid insufficiency is then identified for the 
first time and incomplete right bundle branch block appeared (notice the depth of 8S; and the notches 
of the QRS complex in V;). 

C, July 21. Cardiac failure had improved, tricuspid regurgitation and incomplete right bundle 
branch block no more evident. 


When the pulmonary veins open into the superior vena cava or the right 
ventricle, a right bundle branch block has frequently been identified.'*:*6.6.57,45.7 
We have studied a case with pulmonary stenosis with one pulmonary vein drain- 
ing into the superior vena cava, where a right bundle branch block was super- 
imposed on the electrical signs of systolic overloading of the right ventricle 
(Fig. 6). 

In a femoral arteriovenous fistula recently reported by us, there was an 
incomplete right bundle branch block which diminished with the manual com- 
pression of the fistula and after its surgical treatment” (Fig. 7). 
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It is interesting to notice that patent ductus arteriosus, which often overloads 
the right ventricle without increasing its diastolic filling, rarely produces a right 
bundle branch block. Only one case among twenty-one reported by Cabrera 
and associates" presented a right bundle branch block; here the catheterization 
of the right cavities showed a pulmonary regurgitation, leading to diastolic over- 


i 
43 


Fig. 3 (E.0., 9 yrs. old, Reg. 22055).—Fallot’s tetralogy with interauricular communication proved at 
autopsy. Notice the high neat R wave preceded by an initial notch in V;. 


loading of the right ventricle. Johnson and associates" report a case, identical in 


all respects to ours. Douglas and associates” report a case of patent ductus 
arteriosus with right bundle branch block where there was a shunt from the pul- 


monary artery to the aorta, giving rise to a diastolic overloading of the right 


ventricle. 
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A systolic overloading of the right ventricle, eventually producing the failure 
of this ventricle, gives rise to its diastolic overloading. This happens in pul- 
monary hypertension (due to chronic pneumopathy or to mitral stenosis). In 
the former, the probability of a diastolic overloading of the right ventricle logically 
increases as the mean pressure of the pulmonary artery increases. Thus, the 
percentage of cases with electrical signs of right bundle branch block is higher as 
the mean pressure of the pulmonary artery increases.*® In mitral stenosis, the 
probabilities of diastolic overloading of the right ventricle increase with the 
duration of the disease, as the myocarditis is more severe or when auricular 


Fig. 4 (C.P.A., 17 yrs. old, Reg. 14349).—Upper row, Control tracing. Lower row, Tracing after 
pulmonary embolization. Notice the appearance of an incomplete right bundle branch block as well 
as an “ischemic’’ T wave in the right precordial leads, 


Fig. 5.—From left to right, Standard leads and V; in a case where the right coronary artery opened 
into the right ventricular cavity. Autopsy showed an important dilatation of this cavity. Notice a 
QRS complex in V; probably indicating right bundle branch block. Lead aVr (not shown) had a late, 
slurred R wave. 


fibrillation appears.>*> Thus, among autopsy cases with mitral stenosis (without 
anatomic evidence of tricuspid regurgitation) the percentage of incomplete 
right bundle branch block was 39 per cent.” On the other hand, among eighty 
clinical cases of ‘‘pure’’ mitral stenosis (those without systolic murmur and most 
of them without rheumatic activity), only thirteen cases had an incomplete 
right bundle branch block (most of these were above 40 years old and seven showed 
auricular fibrillation).™ 
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Finally, it should be mentioned that in clinically normal subjects with in- 
complete right bundle branch block, the block usually diminishes or disappears 
with Valsalva’s test (which diminishes the amount of blood returning to the right 
cavities), while it increases with Miiller’s test (which increases the amount of 


blood emptying into the right cavities)” (Fig. 8). 


Fig. 6.—Upper row, Standard leads. Lower row, aVr. V;, V« (from left to right) Anomalous 
draining of a pulmonary vein into the superior vena cava and pulmonary stenosis, proved at cardiac 
catheterization. Notice the QRS compiex in Lead I and the rsR complex in aVr, indicating a probable 
incomplete right bundle branch block At the same time, notice the high R wave with an initial slurring 
in 
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Fig. 7 (M.R.l 16 yrs. old, Reg. 27344 Upper row, Lead Vs. Lower row, Unipolar lead from 
the third right intercostal space near the sternum. Tracings taken before and after manual compression 
of a femoral arteriovenous aneurysm. Patient had auricular fibrillation. Notice, after the compression, 

a) slowing of the rate, (b) increase of the negativity of the T wave in V5, (c) diminution of the signs of 
incomplete right bundle branch block (disappearance of the late R wave and increase of the S wave). 
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2. Systolic Overloading of Right Ventricle-—We have observed that systolic 
overloading of the right ventricle increases the voltage of the R wave, !!:17:54.39.50,62,68 
sometimes producing an initial slurring of it in V;. If the systolic overloading 
is marked and of long duration, it can produce a negative T wave in V, (of the 
so-called “‘ischemic’’ type) (Fig. 9).* The QRS complex usually remains neat, 
of a monophasic (positive) or diphasic type (an RS, Rs, or qR complex), for a long 
time. The notched and polyphasic QRS complex appears only when the systolic 
overloading is complicated by diastolic overloading. 

The electrocardiographic pattern of systolic overloading of the right ventricle 
can be seen in the cases of marked pulmonary stenosis reported by Marquis,» 
Brock and Campbell,’:* Zuckermann and associates,’7 and Coelho and associ- 


ates.!7 


Fig. 8.—Lead V, in three cases with a normal heart showing an incomplete right bundle branch 
block before (left) and during (right) Valsalva’s test. Notice that the notches of the QRS complex 
disappeared or diminished during the test. 


In patent ductus arteriosus with high pulmonary pressure, a similar pattern 
is found (Fig. 10), but the negative ‘‘ischemic’’ T wave is rare.'' Also we have 
found that in patent ductus arteriosus, the higher the pulmonary pressure, the 
higher the R wave in V;."' In children with congenital heart disease, the quo- 


tient R/S in V, has been found to be greater the higher the pulmonary pressure.** °° 


Among eighty cases of mitral stenosis (where pulmonary hypertension is 
usually of importance) we found high R waves in V; in seventeen cases." It 
is possible that the lesser activity of the cardiopathy could avoid the development 
of a marked pulmonary hypertension. In 90 per cent of cases with Fallot’s 
tetralogy, the R wave is equal or greater than the S wave in V,.”! 

In chronic cor pulmonale“. only 28 per cent of the cases show a high and 
delayed R wave (usually of the qR type) in V;. The interpretation of this 
complex is a difficult one, as the heart has an abnormal position within the thorax. 
Some authors*'“*-*" believe this qR complex represents left ventricular potentials. 
Sodi”® considers it as an incomplete right bundle branch block in most cases. 
Any way, a simple diphasic complex in V, is the rule in chronic cor pulmonale. 

*Right axis deviation, which is the best sign of right ventricle hypertrophy, is equally produced 
by systolic overloading or diastolic overloading of the right ventricle. 
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OVERLOADINGS OF THE LEFT VENTRICLE 
1. Diastolic Overloading of Left Ventricle-—In such cases one usually finds 
a high, delayed R wave in V; and V¢, with deep S waves in V2 and V3, and, 
especially, a high positive T wave in Vs and V¢, without opposition between 


Agrs and Av. 
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Fig. 9 (V.B.L., 4 yrs. old, Reg. 17100).—-Pulmonary stenosis and interauricular communication 


proved at autopsy, giving rise probably to a double shunt. Notice (a) the high peaked P wave as it is 
found in cyanotic congenital cardiopathies, (b) an incomplete right bundle branch block (poliphasic 
complex in V;, (c) a negative T wave of an “ischemic” type in the right precordial leads 


Fig. 10 (C.C.S., 16 yrs. old, Reg. 22678) Patent ductus arteriosus proved at autopsy with marked 
pulmonary hypertension; cyanosis probably due to reversed shunt. Notice the rightward deviation of 
Aers and Afr and the high R wave with an initial slurring in V;. 


Among the cases of patent ductus arteriosus, we have found" that, in those 
leads transmitting the left ventricular potentials or ‘‘left ventricular leads,” 
the R wave is high and the T wave is peaked, symmetrical, and of a voltage above 
the normal (Figs. 11 and 12,A). This was an unexpected finding, as it is usually 
accepted that left ventricular hypertrophy produces a secondary'’:'***-°-” or 


even a primary” negative T wave in those leads. 
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Fig. 11 (J.M.L., 12 yrs. old, Reg. 25077).—Patent ductus arteriosus with pulmonary hypertension, 
Notice (a) the high R wave in the “left epicardial’’ leads, going out of the tracing in Li1, V5 and V¢, 
(b) the slurred and delayed R wave in V;, (c) the high peaked T wave in Li, Lim, aVr, V5, Ve. 
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ciency had been described by Jinich.** 
(higher than normal) in the “‘left ventricular leads’’ in 84 per cent of twenty-five 
cases of isolated rheumatic aortic insufficiency (Figs. 12,B, and 13). On the con- 
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trary, in syphilitic aortic regurgitation, a flat or negative T wave is the rule in 
such leads, probably due to incomplete left bundle branch block® or to coronary 


We have also found" a positive T wave 


The lack of opposition between Agras and Ay in rheumatic aortic insuff- 


+4- 


+3 4 


a 
40 


50 60 70 


II 


4 


80 90 100 110 120 130 


B, Relative voltage of the 


positive values, 


Figure 12 \, Relative voltage of the 
compared to the normal mean value which is made to coincide arbitrarily with zero. Abscissae indicate Ss 
the systolic right ventricular pressure 


B 


mm. Hg). 
wave in twenty-five cases of rheumatic “‘pure’’ aortic regurgitation, 
not receiving digitalis. The zero line coincides arbitrarily with the normal mean value of the T wave 
for each particular case. Abscissae indicate the age of the patient. Notice a great preponderance of 


wave in twenty-one cases of patent ductus arteriosus as 
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After Brock’s operation for Fallot’s tetralogy (which increases the pulmonary 
blood flow, thus producing a diastolic overloading of the left ventricle), Brock and 
Campbell have reported’:* some changes of the T wave, similar to those found in 
patent ductus arteriosus with pulmonary hypertension (a flat or negative T, and 
a high T;). These changes, ascribed by Brock and Campbell to the ventriculo- 
tomy, are of late appearance and are not preceded or accompanied by an elevated 
S-T segment; so we feel they are more probably due to the hemodynamic changes 
brought on by the operation. 


Fig. 13 (S.L.V., 13 yrs. old, Reg. 18671).—Rheumatic ‘‘pure’’ aortic regurgitation. Notice the high 
peaked T waves in the “‘left ventricular leads’’ (Li, Lit and V5). 


Fig. 14 (C.M.C., 47 yrs. old, Reg. 14179).—-Upper row, Standard leads and V; before operation; 
blood pressure 200/130. Lower row, The same leads after Smithwick’s sympathectomy; blood pressure 
140/90. Notice the “improvement” of the T wave as the pressure drops. 


2. Systolic Overloading of Left Ventricle-—The most important feature of 
the electrocardiogram of systolic overloading of the left ventricle is given by a 
sustained, delayed repolarization of the left ventricle, so producing a negativity 
of the T waves and/or S-T segment upon the ‘‘left ventricular leads,”’ as well as an 


V, V. 
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opposition between Aors and A,y.!9.19.39.69* The flattening or negativity of the 
T wave, with a depression of the S-T segment in V; or V¢, is a well-known fact in 
arterial is also widely accepted that a lowering of 
the mean aortic pressure in hypertensive patients who have been treated by 


Notice the 


Six days after ligation of the ductus arteriosus 
leads. The 


Fig. 15.—Same case as in Fig. 11. 
T waves in the “left epicardial 


marked S-T segment depression and the flattening of the 
patient had not received digitalis after the operation 

*An incomplete (less frequently a complete) left bundle branch block is often seen in systolic over- 
loading of the left ventricle, but we think it is rather due to a coronary complication, because this is @ 
common finding among patients with hypertension or aortic stenosis and because an incomplete left 
bundle branch block is also seen commonly in luetic aortic regurgitation, which produces a diastolic 


overloading not a systolic overloading of the left ventricle. 
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sympathectomy,*:*:” drugs,*"°* or merely by rest and diet** is followed by a 
positivization of the T waves (Fig. 14). The negativity of the T wave is also 
an early and common finding among the cases of aortic stenosis.” 4" 

But it is undoubtedly in the case of a diastolic overloading of the left ventricle 
which is transformed into a systolic overloading of the same ventricle, where one 
can demonstrate more easily that a systolic overloading may produce a negativity 
of the T wave. In this respect we have seen," a few days after the ligation of a 
patent ductus arteriosus (this operation makes the diastolic overloading of the 
left ventricle disappear while the systolic loading increases because of a higher 
aortic pressure), a transitory flattening or even negativity of the T waves appear- 


pe 


Fig. 16.—Standard leads, V;, V3, and V;5, before (upper tracing) and thirty hours after (lower trac- 
ing) surgical ligation of a femoral A-V fistula. Same case as Fig. 7. Notice after the operation a marked 
negativity of the T wave and a negative displacement of the S-T segment in Li, V3 and V5. The elec- 
trical axis of the T wave as well as the ventricular gradient became deviated to the right as it happens 
in lateral myocardial “ischemia.” 


ing in the “left ventricular leads’”’ which formerly showed a high T wave, despite 
the decrease of the left ventricular work (Fig. 15). This phenomenon was in- 
dependent of the heart rate and was never accompanied by substernal pain 


or worsening of the clinical conditions. We have recently been able to show™ 
the same effect after the transitory occlusion of an arteriovenous aneurysm and, 
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to a greater extent, after its surgical treatment. Thirty hours after the opera- 
tion, the T waves were deeply negative and the S-T segment was markedly de- 
pressed in the “left ventricular leads” (Fig. 16), while the patient showed a notable 
improvement in the clinical condition as well as in the heart size, without having 
signs of coronary insufficiency. 

DISCUSSION 


Although we do not know the ultimate mechanism of production of the elec- 
trocardiographic changes in the different types of overloadings, we want to present 
the possible clues to the electrogenesis of these tracings. 

1. The relation between a right bundle branch block and a diastolic over- 
loading of the right ventricle suggests that a dilatation of the cavity is an inter- 
mediary factor, as it is always present in any diastolic overloading. Fahr® 
considers that the cause is ‘‘an increase in the length of the conduction pathway.” 
Rosenblueth® has suggested that if the conduction system follows the laws of con- 
ductivity found in nerve fibers (where conductivity is higher as the fiber cross- 
sectional area increases), dilatation of the cavity could stretch the fibers of the 
conduction system so decreasing their conductivity. Wilson and associates’ 
explanation of right bundle branch block in cases of acute cor pulmonale” as 
being caused by ‘‘a decreased density of the junctions between Purkinje and 
ordinary muscle in certain areas, as a result of dilatation” is also worthy of con- 
sideration. Both explanations are functional rather than anatomic. An ana- 
tomic injury of the conduction system seems less likely to occur,®’ because (a) 
a right bundle branch block easily appears and disappears in acute cor pul- 
monale, (b) Valsalva’s or Miiller’s test readily mod?4es an incomplete right bundle 
branch block, and (c) the electrical signs of right bundle branch block diminishes 
after the surgical treatment in our case of arteriovenous aneurysm. 

2. The high R wave in V, in case of systolic overloading of the right ventricle 
must be related to a more permanent factor, perhaps to hypertrophy of the free 
wall of the right ventricle. We believe this is the case, as we have observed" 
some cases of patent ductus arteriosus complicated by pulmonary hypertension 
in which the surgical ligation considerably lowered the pulmonary pressure while 
the R wave and its initial slurring in V; remained almost unmodified. Further- 
more, Zuckermann and associates’ have shown a correlation between the voltage 
of the R wave in V,; and the thickness of the free wall of the right ventricle or that 
of the interventricular septum. 

As for the T wave of an ‘‘ischemic” type in V,, it seems more easily reversible 
and could be related to factors similar to those acting in the production of nega- 
tive T waves in systolic overloading of the left ventricle. (See below.) 

3. We do not have a satisfactory explanation for the high T wave which is 
in diastolic overloading of the left ventricle. 


found in the “left ventricular leads’ 
Ashman and Byer,' studying the effect of the heart rate upon the electrocardio- 
gram, had already described a correlation between the systolic output and the 
magnitude of the ventricular gradient (consequently the magnitude of the T 
wave). Our cases of diastolic overloading of the left ventricle are a corrobora- 
tion of this fact, as they have an augmented T wave in the “‘left ventricular leads” 
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(so a greater ventricular gradient) as well as an increase of the blood volume 
which the left ventricle ejects in each systole.* However, these correlations 
(Ashman and Byer’s and ours) cannot be considered as the elucidation of a 
mechanism; they are merely a description of facts. 

The high R waves in the “‘left ventricular leads” as well as the deep S waves 
in V. or V3 are not only related to the hypertrophy of the left ventricle but also 
to the abnormal position of the heart within the thorax, since the absence of the 
S waves in the standard leads (consequently the forward displacement of the 
apex) is a frequent finding in rheumatic aortic incompetence and in patent ductus 
arteriosus.*® 

4. Against what had been considered in previous papers,'®!****.® we believe 
that the T-wave changes found in systolic overloading of the left ventricle are 
usually of a ‘“‘primary”’ rather than of a ‘‘secondary”’ type, because we have ob- 
served variations of the ventricular gradient, as well as T-wave changes which 
are not accompanied by QRS changes. This “primary” negativity of the T 
wave in the “left ventricular leads’”’ would indicate that the monophasic electrical 
systole of those fibers affected by the systolic overloading increases its voltage 
and its duration. 

But even though these T-wave changes are “‘primary’’ and frequently adopt 
the form found in experimental or clinical ischemia, we do not consider them as 
actually due to a decreased blood supply (neither a relative nor an absolute 
ischemia) because (a) they are not accompanied by clinical manifestations of 
myocardial ischemia, (b) they are neither preceded nor accompanied by electrical 
signs of an injury current (the S-T segment is depressed instead of being elevated 
in the leads where the T wave becomes negative), (c) they attain their maximal 
negativity earlier than in proved cases of coronary ischemia, and (d) they can 
appear in cases where the total coronary blood flow increases while the total work 
of the left ventricle decreases (ligation of a patent ductus arteriosus or of an 
arteriovenous aneurysm). 

SUMMARY 


1. The authors present electrocardiographic evidence of a different be- 
havior of the heart, according to the type of hemodynamic overloading. 

2. They show that diastolic overloading of the right ventricle readily gives 
rise to an incomplete right bundle branch block. 

3. Systolic overloadings of the right ventricle produce a high R wave and a 
negative, symmetrical T wave in the right precordial leads. 

4. Diastolic overloadings of the left ventricle produce an elevation of both 
the R and the T waves in those leads where the left ventricular potentials are 
transmitted. 

*The diastolic overloading of the left ventricle, which is the consequence of systolic overloading 
when the ventricle fails, produces an increase of the diastolic filling without increasing the systolic out- 
put. This might be related to the less frequent elevation of the T wave in the “left ventricular leads”’ in 
cases of rheumatic mitral insufficiency or of left ventricular failure. 

tPatterson and associates, working upon the left ventricle, have shown that mechanical systole 
is actually increased in systolic overloading, but we do not know of any direct evidence showing what 
happens on the electrical systole 
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5. Systolic overloadings of the left ventricle give rise to a flattening or nega- 


tivity of the T wave (sometimes of an “‘ischemic’”’ shape), as well as a depression 
of the S-T segment in those leads where the left ventricular potentials are trans- 


mitted. 
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DIRECT VENOUS PRESSURE DETERMINATIONS 
BY USE OF A NEW INSTRUMENT 


WILLIAM A. SoDEMAN, M.D. 


NEW ORLEANS, LA. 


N RECENT years a number of instruments have been introduced for the 

direct determination of venous pressure. Of these, that' used for determina- 
tion of tissue pressure has certain advantages, including the employment of a 
small needle which makes it possible to enter and record pressure in small veins. 
Recently, this instrument has been modified? by the replacement of the U-tube 
water manometer with a bellows system. This change made the instrument 
more compact and portable. The present report records some experiences with 
a further modification* whereby an important and novel change in the bellows 
system not only eliminates the necessity for an additional recorder but also 
simplifies the readings and manipulations. 


THE INSTRUMENT 


The essential change in the instrument consists of a drastic reduction in the 
total dead air space to such a degree that one turn through 360 degrees of a screw 
compressing the bellows permits a range of pressure from 0 to 600 mm. of water. 
For this reason a dial securely fastened to the screw compressing the bellows may 
be calibrated through the 360 degrees in millimeters of water and so marked that 
immediate direct readings of the pressure may be made upon it. 

In essence, the instrument (Fig. 1) consists of a glass adapter approximately 
10.0 cm. in length with a bore of 1.0mm. Transverse scratch marks are made 
on the adapter at 1.0 mm. levels to aid in the location of movements of a meniscus. 
A metal frame, or holder, facilitates the attachment to one end of the adapter of 
a 24- to 27-gauge needle of the type commonly used for subcutaneous injections 
and, to the other end, of a rubber or plastic tubing which leads through a valve 
(Fig. 1, V) to a bellows system in which the air pressure may be raised or lowered 
by turning the screw (Fig. 1, S) mentioned above, and the pressure in the system 
determined by reading directly the value on the previously calibrated dial. The 
valve, V, is so arranged that a turn in one direction opens the system to atmos- 
pheric pressure and a turn in the opposite direction closes this opening and creates 
a single air system opening to the atmosphere only through the attached needle. 


From the Department of Tropical Medicine and Public Health, School of Medicine, The Tulane 
University of Louisiana. 
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*The instrument was designed by Mr. G. Morgavi, Jr. 
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TECHNIQUE 

A sterile glass adapter and needle are prepared. The valve, V, is closed, 
creating a single air system completely closed to the atmosphere down to the needle 
opening. The adjustment screw, S, of the bellows is turned counterclockwise as 
far as it will go. This increases the air space in the system to a maximum and 
shows on the dial a pressure reading of zero. The point of the needle is then 
placed, with sterile precautions, into a solution of sterile normal saline or 2 per 
cent sodium citrate solution and the screw of the bellows turned until a series of 
bubbles, produced by air being displaced from the closed system through the 
needle, emerge from the end of the needle. The screw, S, is then reversed, still 
keeping the needle point below the surface of the solution. The negative pressure 
thus produced by increasing the dead space in the bellows causes the solution 
to be drawn up into the needle and into the glass adapter. When the meniscus 


Fig 1 Photograph of instrument prepared for use. Size of instrument may be judged from the 
adapter, which is 10 cm. in length. 


is about one-third of the way up the adapter, the valve, V, is opened and the 


needle removed from the solution. Atmospheric pressure is thus introduced 
above the meniscus and the screw, S, may then be turned to read zero (atmos- 
pheric) pressure. The valve, lV’, is then again closed. At this point the exact 


location of the meniscus must be noted by sighting it off against the transverse 
scratches on the adapter, for when the reading is finally made the meniscus must 
be brought back fo this exact point or there will be an error in the determination. 
Then in the usual fashion the skin over the vein is prepared for venipuncture and 
the site of puncture brought to proper level for the determination. The instru- 
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ment itself need not be at this level, only the needle penetrating the vein. Upon 
insertion of the needle into the vein, the meniscus in the adapter will immediately 
and rather rapidly begin to rise as venous blood enters the needle. The screw, 
S, is then promptly turned clockwise, not only until the meniscus ceases to move 
but until there is no movement of the meniscus when it is brought to the exact 
location in the adapter that it occupied just ,before venipuncture was made. 
Fine adjustments are made at this precise point until the meniscus is flat at right 
angles to the wall of the adapter rather than having its usual U-shaped surface. 
At this point the pressure may be read directly from the dial and taken as the 
venous pressure. Since the meniscus is not in motion when the determination 
is made, the small bore of the needle does not interfere with the determination. 
The needle may then be removed from the vein. Because of the positive pressure 
in the closed system, the fluid, partially blood tinged, will escape from the end 
of the needle. The screw may be turned farther to facilitate emptying of the 
adapter and needle, both of which are then detached and resterilized for future 
use. By keeping on hand a number of such sterile needles and adapters, along 
with sterile saline or citrate solution, the physician may take repeated venous 
pressures on different subjects without the necessity for a sterilizer at the time. 
The absence of a water manometer makes the instrument easily portable and it 
may be stored, together with the sterile equipment, in a small space in a physi- 
cian’s bag for use outside the hospital or office. 

Two final words about technique are necessary. First, the capillarity in the 
glass adapter is slightly under 2 cm. of water. This error is corrected by holding 
the level of the meniscus about 2 cm. above the vein during the determination. 
Second, the fluid in the adapter should never be permitted to go above the adapter 
into the tubing. If this occurs, the tubing must be heat-sterilized to prevent the 
possible transmission of serum hepatitis and other infections. After several 
manipulations, one becomes adept at increasing the pressure in the system as 
the vein is entered so that the meniscus does not go above the upper one-third 
of the adapter. 


RESULTS 


The author has tested the apparatus against varying levels of water in an 
upright glass tube turned at right angles near its lower end and capped at the 
lower opening with a rubber diaphragm. By inserting the needle into the rubber 
diaphragm, the pressure may be taken just as the venous pressure is determined. 
In repeated tests over several months at pressure levels from 30 to 300 mm. of 
water, errors of 2 to 5 mm. of water were observed, and included the errors of 
the entire procedure, those of the instrument, readings of the meniscus, and all 
personal factors. 

In ten patients with various venous pressures, the technique has been com- 
pared with direct determinations made with a saline manometer and syringe. 
Results are shown in Table I. It may be seen that agreement was satisfactory 
and that differences to 16 mm. of water occurred. These errors, of course, rep- 
resent those of both techniques as well as some possible slight variation in the 
relationship of the veins-to-heart level between determinations. 
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TABLE I. ESTIMATION OF VENOUS PRESSURE IN SAME PATIENTS AT SAME TIME 
BY PRESENT METHOD AND BY SALINE MANOMETER 


VENOUS PRESSURE (mm. H2O) 
ANTECUBITAL VEIN, HEART LEVEL 


heart disease 


SUB- | DIFFERENCE 
ject DIAGNOSIS PRESENT SALINE BETWEEN 
METHOD MANOMETER DETERMINATIONS 
| | | 
H.J. | Normal | 92 | 101 | 9 
B. W. | Normal 78 74 4 
7. | Normal 86 85 1 
M.S. | Constrictive pericarditis 274 290 16 
B. M. | Decompensated arterio- 172 168 4 
sclerotic heart disease 
W. T. | Decompensated arterio- 140 148 8 
| sclerotic heart disease | 
5. ia | Decompensated arterio- 160 160 0 
sclerotic heart disease 
J. M. Decompensated rheumatic 134 140 6 
heart disease 
B. H Aortic aneurysm 176 170 6 
R. H Decompensated hypertensive 198 192 6 
| 


DISCUSSION 

The notable advantages of the instrument are the facility with which it 
may be used on small veins, the immediately apparent readings, and the sim- 
plicity of storing, transporting, and reusing the apparatus. There are certain 
minor disadvantages observed by the operator when he first uses it. These are 
easily overcome by a few trials of the instrument. The small dead air space, 
which is the heart of the instrument in that it permits complete readings on 
the partial single turn of a dial, makes it necessary that (1) the meniscus be 
brought back exactly to the starting position and ‘“‘flattened out,’’ and (2) a deft 
maneuver, to stop the rise of the meniscus above the upper third of the adapter, be 
carried out to prevent possible contamination of the plastic tubing. However, 
after a few trials, the operator should have no difficulty. 

Obviously, too, the instrument may be adapted for measurement of other 
pressures (tissue, spinal fluid). 

SUMMARY 

The use of an apparatus for direct determination of venous pressure is 
described. Its advantages include: 

1. The facility with which it may be used on small veins. 

2. The ease with which it may be stored and transported. 

3. The ease with which results are read. 

4. Opportunity for frequent reuse in the absence of a sterilizer. 

Comparison of this technique with a standard technique for direct determina- 
tion of venous pressure showed satisfactory results. 
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APICAL DIASTOLIC MURMURS IN CONGENITAL 
HEART DISEASE 


THE RARITY OF LUTEMBACHER’S SYNDROME 


ALEXANDER S. NapAs, M.D., AND MARIANO M. ALIMuRUNG, M.D. 


Boston, Mass. 


HE MITRAL diastolic murmur was classically described by Duroziez' in 

1862. White? refers to it as a rumbling, usually low-pitched, rarely blowing 
murmur, best heard at the apex. It may be exaggerated when the patient lies on 
his left side and when the cardiac output increases (that is, after exercise). It 
is separated from the second heart sound by an appreciable interval. The mur- 
mur is best detected by the open-bell stethoscope held lightly against the chest 
wall. 

Such a murmur is commonly accepted by practitioners and cardiologists as 
conclusive evidence of organic mitral stenosis.* There is, however, increasing 
evidence that a host of acquired conditions other than mitral stenosis may cause 
turbulence giving rise to mitral diastolic murmurs. Among these conditions 
are gross aortic insufficiency (Austin Flint murmur),> myocardial damage,‘ 
anemia,’ and hypertension.*® 

Within recent years it has been recognized that a number of congenital 
heart diseases, that is, patent ductus arteriosus, ventricular septal defect, coarcta- 
tion of the aorta, may also give rise to apical mitral diastolic murmurs. Para- 
doxically enough, in cases of another congenital heart disease, atrial septal defect, 
the presence of an apical diastolic murmur is still commonly regarded as con- 
clusive evidence of coexisting mitral stenosis, that is, Lutembacher’s syndrome. 

Lutembacher’s syndrome ‘‘is an auricular septal defect combined with a 
congenital or acquired mitral stenosis and enormous dilatation of the pulmonary 
artery,’’ quoting Taussig.° The first observation is credited to Louis (1862),'° 
but a case was described by Corvisart" in 1814. Lutembacher,"” in 1916, focused 
attention on this combination as a clinical entity. Numerous papers have been 
published on the subject since 1916; the most important ones are those of Roesler,'* 
McGinn and White,"* Taussig and associates, Bedford, Papp, and Parkinson," 
Uhley,'? and Burrett and White.'® In addition to these comprehensive reviews, 
a number of individual case reports are available. 

The combination of atrial septal defect with mitral stenosis has been so power- 
fully impressed on cardiologists that we believe the diagnosis of Lutembacher’s 
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syndrome is often made solely on the basis of an apical diastolic murmur in a 
patient with congenital heart disease. Indeed, Taussig says ‘‘When a systolic 
murmur at the base, suggestive of congenital malformation of the heart, occurs 
in conjunction with a murmur at the apex which is characteristic of a rheumatic 
infection, the possibility of this malformation (i.e. Lutembacher’s syndrome) 
should always be considered.’’® 

The purpose of this paper is to investigate the frequency of apical diastolic 
murmurs in congenital heart disease, the particular congenital lesions with which 
they are most commonly associated, and finally to elucidate certain features of 
Lutembacher’s syndrome both from the clinical and pathologic viewpoints. 


RESULTS 

1. How Common Are Apical Diastolic Murmurs in Patients With Congenital 
Heart Disease? 

One hundred consecutive cases of noncyanotic congenital heart disease 
attending the Cardiac Clinic of the Children’s Hospital were studied. All pa- 
tients with obvious arterial unsaturation were excluded since the purpose of this 
study was to investigate Lutembacher’s syndrome, a lesion not accompanied 
by cyanosis. 

Careful clinical histories were obtained with special reference to rheumatic 
fever. The physical findings were checked by several observers at our Con- 
genital Heart Clinic and by at least one of the authors. In addition to the routine 
laboratory procedures, all the patients were subjected to x-ray, fluoroscopic, and 
electrocardiographic studies. The x-ray findings represent the opinions of the 
Radiological Department of the Children’s Medical Center. The electrocardio- 
grams were taken by one technician on a Sanborn Viso-Cardiette and included 
the standard limb leads, augmented unipolar limb leads, and unipolar chest leads 
V 1-6 with additional leads to the right and left as required. All the cardiograms 
were analyzed by at least one of the authors. Phonocardiograms were available 
in about one-third of the patients with mitral diastolic murmurs in this group. 
The phonocardiographic tracings were taken with a Sanborn twin-beam Stetho- 
Cardiette following the technique of Rappaport and Sprague.'® For reference 
tracings, electrocardiogram Lead II and apex cardiogram were used. 

The clinical diagnoses in this group were based on the findings enumerated 
above and represent, in the majority of instances, the combined opinions of the 
cardiologists and roentgenologists. 

Nineteen patients out of our 100 cases of noncyanotic congenital heart 
disease studied showed unequivocal apical diastolic murmurs. A summarv 
of our findings in these nineteen patients is found in Table I. 

The ages of our patients varied from 10 months to 14 years. There were 
eleven girls and eight boys in the group. Four patients had past histories sug- 
gestive of rheumatic fever; in none of them was this story unequivocal. 

All patients had both systolic and diastolic murmurs over their hearts. 
The systolic murmurs varied in intensity, location, and character according to 
the particular lesion involved. The diastolic murmurs were all Grade II-III 
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in intensity, almost always occupying the first rapid-filling period (mid-diastole) 
and only infrequently the second rapid-filling period (presystole). 

The x-ray evidence revealed considerable cardiomegaly in all but one case 
(No. 7); the electrocardiographic and x-ray evidence pointed to right, left, or 
combined ventricular hypertrophy, depending on the anatomic lesion. 

The final clinical diagnosis was atrial septal defect in six cases, ventricular 
septal defect in five cases, and truncus arteriosus, as demonstrated by cardiac 
catheterization, in one patient. In the remaining seven patients, no single 
definite diagnosis was determined. 

In conclusion, then, we can say that an apical diastolic murmur is rather 
common in congenital heart disease; we found it to be present in 19 per cent of 
our 100 patients. All the patients showed some degree of cardiac enlargement. 
The enlargement involving the right side and the left side occurred with about 
equal frequency. An anatomic diagnosis was made with relative certainty in 
eleven of the nineteen patients. 

2. Which Are the Congenital Heart Lesions Most Frequently Accompanied 
by Apical Diastolic Murmurs? 

A second series of twenty patients with congenital heart disease and apical 
diastolic murmurs was selected for intensive study in order to answer this ques- 
tion. The exact nature of the cardiac abnormality in this group was determined 
not only by the methods referred to in Section 1 but also by cardiac catheteriza- 
tion, thoracotomy, or autopsy. All the patients in this group had phonocardio- 
grams taken by the method cited in Section 1. Our results are summarized in 
Table II. 

There were twelve girls and eight boys in this group, and their ages ranged 
from 4 to 19 years. Three of our cases showed definite evidence of rheumatic 
fever in their past histories; and in two additional patients, there was only a sug- 
gestion of such possibility. All patients in this group had both systolic and 
diastolic murmurs over their hearts. The systolic murmurs were all at least 
Grade IV in intensity and varied as to location and character according to the 
anatomic lesion. The diastolic murmurs were chiefly in mid-diastole and only 
infrequently (three instances) in presystole. In three of our four patients with 
patent ductus arteriosus, the characteristic continuous machinery murmur was 
present at the second left intercostal space. Graphic registration of these auscul- 
tatory phenomena is illustrated in the adjoining phonocardiograms. 

Fig. 1,4, shows the phonocardiogram in Case No. 2. There is an intense 
systolic murmur due to the ventricular septal defect. This was described as 
Grade VI by auscultation and was loudest over the third to fourth left intercostal 
space parasternally. A mid-diastolic murmur of lower frequency is seen in the 
phonocardiogram over the apex. This diastolic murmur occurs immediately fol- 
lowing the third heart sound and occupies the entire duration of mid-diastole with- 
out extending into presystole. The third sound is clearly registered and coincides 
with the tip of the rapid-filling wave in the apex cardiogram. It is of interest 
that fourteen months previously this diastolic murmur was not detected, either 
by auscultation or by phonocardiography. Between these two dates, the only 
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change in clinical status was a further increase in left ventricular enlargement i 
by x-ray and hypertrophy by electrocardiogram. f 
Fig. 1,B, is the phonocardiogram over the apex in another case of ventricular I 
septal defect (Case No. 3). The systolic murmur is similar to that of the preced- i 
ing case. However, the diastolic murmur starts somewhat later in diastole, ex- a 
tends into presystole, and shows a considerable admixture of high-frequency a 
vibrations. 
t 
| . 
di 
a 
a 
t 
W 

Fig. 1.—Phonocardiograms in the two proved cases of ventricular septal defect. A, The logarithmic 
records (upper row) show an intense systolic murmur loudest over the third left intercostal space para- n 
sternally, and the apical mid-diastolic murmur following the third sound. The stethoscopic record 
(lower tracing) shows the third sound well registered and coincides with the rapid-filling wave (rf) of a 
the apex cardiogram. 8B, Stethoscopic and logarithmic phonocardiograms over the apex with the same fr 
systolic murmur as in A but with the diastolic murmur starting later in diastole and extending into | 
presystole. | 
Fig. 2 illustrates the findings in Case No. 18 which were characteristic of tl 
our patent ductus arteriosus cases. The continuous ‘“‘machinery-type’’ murmur Oo! 
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is best registered at the second left interspace. It assumes a crescendo con- 
figuration in the late part of systole, culminating in the second sound, and assum- 
ing a decrescendo character immediately following it. This murmur is likewise 
recorded over the apex but its diastolic component is much shorter in this area 
and fades out soon after the second sound. Another murmur appears at the 
apex in diastole. This diastolic bruit is of lower frequency than the preceding con- 
tinuous murmur and starts with the third heart sound, soon diminishes in in- 
tensity, and leaves the second rapid-filling period (presystole) silent. The con- 
tinuous murmur as well as the apical mitral diastolic murmur disappeared post- 
operatively in all our patients with patent ductus arteriosus. 


| | | | 
| | | 


Fig. 2.—Phonocardiograms in a case of patent ductus arteriosus, showing the typical continuous 
murmur over the pulmonic area. At the apex, this murmur is essentially systolic, but there is now a 
different murmur in mid-diastole following the third heart sound. 


Fig. 3 shows the characteristic phonocardiogram in a patient with atrial 
septal defect. The upper tracing reflects the auscultatory phenomena at the 
apex. There is a presystolic murmur without crescendo configuration present, 
a normal first sound, a systolic murmur, and a split-second sound. The lower 
tracing pictures the intense systolic murmur at the second left intercostal space 
with the widely split second sound. 

The x-ray and electrocardiographic findings in all our cases revealed cardiac 
enlargement involving the right and/or the left ventricle. 

As may be seen from Table II, the clinical diagnoses were confirmed in the 
majority of the instances by the subsequent intensive study of these twenty 
selected cases. The one consistent mistake in our clinical opinion was the 
frequent consideration of Lutembacher’s syndrome in the differential diagnosis. 
In ten of our twenty patients the combination of atrial septal defect with mitral 
stenosis was considered seriously enough to appear as the possible diagnosis in 
the final clinical appraisal of the patient; in the other ten patients, it was un- 
officially considered from time to time by one or another observer. 


| 

XS osu om. 

2 : 4 
| | | | | 
| | | 


\MERICAN HEART JOURNAI 


The final anatomic diagnoses summarized in Table II revealed eight in- 
stances of atrial septal defect, five of ventricular septal defect, four with patent 
ductus arteriosus, two with Eisenmenger’s syndrome, and one case of single 


ventricle. 


Fig. 3.—Phonocardiogram in a case with atrial septal defect. The upper tracing shows the pre- 
systolic murmur without crescendo configuration, the loud first sound, and the decrescendo systolic 
murmur, At the second left intercostal space, there is seen the intense systolic murmur and the widely 
split second sound 


In contrast to the clinical expectation, there was not a single case of Lutem- 
bacher’s syndrome among these twenty intensively studied patients with congen- 
ital heart disease and apical diastolic murmurs. ‘Twelve out of our twenty 
patients could not have had Lutembacher’s disease because an atrial septal defect 
could not be demonstrated in them. The remaining eight patients did have atrial 
septal defects but an adequate mitral orifice was demonstrated in them either by 
autopsy (Nos. 1 and 16) or by cardiac catheterization. In four out of six cases 
of atrial septal defect which were catheterized, we were able to demonstrate the 
identity of left atrial mean and left ventricular diastolic pressure (Nos. 4, 12, 
17 and 19) thus proving the presence of an adequate mitral orifice. In two of our 
cases (Nos. 10 and 13) with atrial septal defect, the left ventricle was not entered, 
but the absence of mitral stenosis in these was strongly suggested by normal right 


atrial, left atrial, and “pulmonary capillary”’ pressures. 
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In conclusion, then, it is apparent that a number of different congenital 
heart diseases may give rise to a mitral diastolic murmur—atrial septal defect, 
ventricular septal defect, and patent ductus arteriosus being the most common 
lesions associated with it. Contrary to current clinical belief, we failed to find 
a single instance of Lutembacher’s syndrome among these patients. 

3. Low Commonly Is Lutembacher’s Syndrome Found in a Large Series of 
Autopsies? 

Table III] summarizes our findings in 25,000 consecutive autopsies in five 
large Boston hospitals. It may be seen from the table that only five instances of 
Lutembacher’s syndrome were found in this large group. These five cases rep- 
resent approximately 6 per cent of all the atrial septal defects found among 


these cases. 


TABLE III 
NO. OF ATRIAL SEPTAL LUTEMBACHER’S 
HOSPITAI AUTOPSIES DEFECT SYNDROME 

Beth Israé@l Hospital 1,925 7 1 
Peter Bent Brigham Hospital 5,910 2 

Deaconess 4,446 3 1 
Children’s Hospital 5,289 60 2 
Massachusetts General Hospital 7,400 15 1 
Total 24,960 87 5 


It is only fair to point out, however, that this percentage may not be correct 
since about two-thirds of the cases of atrial septal defect came from the records 
of the Department of Pathology of the Children’s Medical Center and include a 
rather large number of infants who naturally did not have an opportunity to de- 
velop rheumatic mitral stenosis. If we exclude the patients from the Children’s 
Hospital, the percentage of atrial septal defects with Lutembacher’s syndrome is 
approximately 10 per cent. 


DISCUSSION 


In our experience at the Cardiac Clinic of the Children’s Hospital, 19 per 
cent of the patients with noncyanotic congenital heart disease were found to have 
apical diastolic murmurs. No figures comparable to this are available from other 
sources. 

Jones, Dolly, and Bullock?’ in 1940 drew attention to mitral diastolic mur- 
murs in uncomplicated cases of patent ductus arteriosus. This observation was 
later confirmed by Eppinger, Burwell, and Gross*' in 1941 and by Levine and 
Geremia” in 1947. Ravin and Darley*’ found apical diastolic rumbles in nine of 
their twenty-one patients with patent ductus arteriosus. All these authors em- 
phasize the fact that following surgical closure or division of the ductus arteri- 
osus the apical murmur disappears. Our own experience, based on the material 
presented in this paper and on the much larger group of patients seen and fol- 
lowed constantly at the Children’s Hospital and the Sharon Cardiovascular Unit 
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of the Children’s Medical Center, is in complete agreement with the findings 
cited above. 

That a ventricular. defect, a lesion physiologically very similar to patent 
ductus arteriosus, may also give rise to an apical diastolic murmur has only 
recently been emphasized by Wood and his associates,** who consider it a fre- 
quent phenomenon occurring in at least one-half of the instances of ventricular 
septal defect and in all cases with large defects. Our experience supports their 
observations. Five of our twenty intensively studied patients with mitral 
diastolic murmurs had ventricular septal defects proved with certainty. 

The common denominators in patent ductus arteriosus and ventricular septal 
defect that may explain the origin of this ‘‘functional mitral murmur” are in- 
creased flow through the mitral valve and left ventricular enlargement. It 
seems quite reasonable to assume that a mitral valve constructed to accommodate 
only a certain physiologic flow becomes relatively stenotic when confronted 
with a flow several times larger than the expected one. That turbulence caused 
by such a “functionally stenotic’’ valve may be accentuated by the valve opening 
into an enlarged left ventricular cavity also seems quite likely. White® has 
recently emphasized the role of an enlarged left ventricle in the creation of mitral 
murmurs. 

The fact that the findings in cases of single ventricle may include an apical 
diastolic murmur is mentioned by Taussig.? One of our patients with single 
ventricle supports this observation. The theory of the “relative stenosis” of 
the atrioventricular orifice proposed in connection with patent ductus arteriosus 
may, we believe, explain the mitral diastolic murmur observed in cases of single 
ventricle. We believe this theory should also hold in explaining the diastolic 
murmurs heard at the apex in our two cases with Eisenmenger’s syndrome, a 
lesion hitherto not mentioned as associated with an apical diastolic murmur. 

In our experience the most frequent association of apical diastolic murmurs 
with congenital heart disease occurs in atrial septal defects. The literature sup- 
ports this thesis to a certain extent. Barber, Magidson, and Wood” observed 
mitral diastolic murmurs in nine of sixty-two cases of atrial septal defect studied 
by clinical methods. 

It is interesting to contrast the acceptance of an apical diastolic murmur 
as of functional origin in ventricular septal defect or in patent ductus arteriosus 
with the postulation of its organic nature (signifying true mitral stenosis) in atrial 
septal defect. Wood* states in part: ‘‘All mitral murmurs in atrial septal de- 
fects were attributed to mitral valve disease, presumably rheumatic.’’ Essenti- 
ally similar views were expressed by Keith and Forsyth,?’ Cosby and Griffith,”* 
and Courter, Felson, and McGuire.?® 

Contrary to this general acceptance of mitral murmurs as being of organic 
origin in cases of atrial septal defect, we failed to find one case of Lutembacher’s 
syndrome in our cases of atrial septal defect with a mitral diastolic murmur. 
Neither was there any clinical evidence nor past history suggesting rheumatic 
heart disease in five of our six clinically diagnosed cases of atrial septal defect with 
mitral diastolic murmur. 
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In the absence of any anatomic or physiologic evidence indicating the 
presence of organic mitral stenosis in these patients, we felt that another ex- 
planation for the origin of the murmur would have to be sought. It seemed 
quite possible that the apical diastolic murmur originates at the site of the atrial 
defect, at the time of maximal shunt through the defect, that is, mid-diastole or 
presystole. The septal defect acting as a diaphragm-like orifice between the two 
atria may create circumstances not very different from those encountered in true 
mitral stenosis between left atrium and left ventricle. This hypothesis has been 
proposed by Barber, Magidson, and Wood.” A second possibility, explaining the 
presence of diastolic murmurs, is that it may originate from the right side of the 
heart due to relative tricuspid stenosis. The greatly dilated tricuspid orifice 
found at autopsy in these patients makes the latter theory less probable than the 
former. 

Assuming, then, that the majority of the apical diastolic murmurs in con- 
genital heart disease do not originate from truly stenotic mitral valves, it seemed 
to us worth while to analyze the phonocardiogram of these patients in order to 
differentiate them from tracings encountered in true mitral stenosis. The follow- 
ing differential diagnostic points were encountered: (1) None of our patients with 
‘functional mitral diastolic murmurs” showed an opening snap of the mitral valve. 
(2) The diastolic murmur as a rule was confined to mid-diastole. It seldom ex- 
tended into presystole and only very infrequently assumed crescendo character. 
(3) The accentuation of the first apical sound, a common observation in mitral 
valve disease, was not a prominent nor a consistent finding in these cases. 

Having established the fact that Lutembacher’s syndrome is extremely rare 
from the clinical viewpoint although apical diastolic murmurs in congenital 
heart disease are rather common, it seemed to us of paramount importance to 
determine the frequency of the combination of atrial septal defect with mitral 
stenosis at autopsy examination. The figures of our autopsy series, representing 
25,000 consecutive post mortems in five large Boston hospitals, representing all 
ages and certainly a large amount of cardiac material, prove without a doubt that 
Lutembacher’s syndrome is as rare on the autopsy table as it is in the clinic. 

A number of authors, dealing almost exclusively with adults, have presented 
material in the past which was in agreement with this view. McGinn and White™ 
found only two cases of Lutembacher’s disease among 6,800 autopsies at the 
Massachusetts General Hospital. Cosby and Griffith’® failed to find a single 
instance of this syndrome among nineteen autopsies of cases with atrial septal 
defect, while Gelfman and Levine*® found only two instances of mitral stenosis 
with atrial septal defect in 24,000 autopsies in five Boston hospitals. The huge 
autopsy material of the Mayo Clinic contains twenty-six examples of atrial septal 
defect. There is only one case of Lutembacher’s syndrome among them."*! 

In contrast to this, however, there is a large segment of the literature which 
suggests that Lutembacher’s syndrome is a common condition and includes a con- 
siderable portion—even a majority—of all atrial septal defects. Brown,® in 
the latest edition of his book on congenital heart disease, states, ‘‘a co-existing 
mitral stenosis should be suspected in every case of atrial septal defect, despite 
the absence of any clinical indication of its presence.’’ Taussig® states, “it is a 
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rule rather than the exception to find some lesions of the mitral and aortic valves 
combined with an atrial septal defect.”’ 

In reviewing the literature available on Lutembacher’s syndrome, one is 
struck by several fallacies that may have led to the assumption that this is a com- 


mon condition. The first and most important source of misunderstanding origi- 


nates from rather loose use of the term ‘“‘mitral stenosis.’’ As an example, one 

may quote Roesler'’ who, presenting from the literature sixty-two cases of atrial 
septal defect published by fifty-six authors during a 100-year period, found only 
six cases of ‘‘buttonhole stenosis.’"” The rest of them ranged from mitral insuffi- 
ciency to “thickening of the mitral valve.’ (Still, the same paper is widely 
quoted as proving the frequency of mitral stenosis in atrial septal defect.) 

A second error in estimating the frequency of Lutembacher’s syndrome arises 
from the study of small numbers of cases. Bedford, Papp, and Parkinson" 
found four cases of Lutembacher’s syndrome among ten autopsied cases of atrial 
septal defect. Taussig and associates” reviewed four cases of atrial defect, three 
of whom had associated mitral stenosis. ‘The small numbers in each of these 
groups should preclude the use of these excellent publications for purposes of 
generalization as to the frequency of mitral stenosis with atrial septal defect. 

One further point needs to be emphasized. It is well known that the in- 
cidence of rheumatic heart disease is higher in people with congenital heart 
disease than in the average population. Durlacher and Beyer estimate the 
frequency of rheumatic heart disease in congenital heart disease to be at least 7 
per cent, possibly as high as 44 per cent, depending on the criteria used for the 
diagnosis of rheumatic heart disease. Gelfman and Levine*’ place the incidence 
at 14 per cent among those with congenital heart disease who live beyond 2 vears 
of age. The same authors state that rheumatic heart disease seems most com- 
mon in patients with atrial septal defect or bicuspid aortic valves. It may well be 
possible that a considerable number of clinically diagnosed cases of Lutembacher's 
syndrome represent in reality rheumatic heart disease with or without mitral 
stenosis in patients with congenital heart disease. 

Finally, our data suggest, as has been asserted repeatedly within the past 
few years, that congenital mitral stenosis in atrial septal defect patients is ex- 
tremely rare. None of the sixty patients, mostly infants, with atrial septal 
defect autopsied at the Children’s Hospital showed congenital mitral stenosis. 
There were only two patients with Lutembacher’s syndrome in the Children’s 
Hospital material, both of whom were older children, and the mitral valve in- 
volvement was definitely rheumatic in origin. 

It seems of considerable importance to us to emphasize the rarity of Lutem- 
bacher’s syndrome, especially in the light of recent advances in surgical techniques. 
A great deal of experimental work is being done at this time on surgical closure 
of atrial septal defects. Obviously, if the probability of mitral stenosis being 
present at the time of operation, or its development in the future is likely, the 
wisdom of closing an atrial septal defect may be questioned. On the other hand, 
and we believe this to be the case on the basis of this study, if the combination 
of an atrial septal defect with mitral stenosis is quite uncommon, surgical closure 
of atrial defects should be pursued vigorously. 


NADAS AND ALIMURUNG: 


STUDY OF APICAL DIASTOLIC MURMURS 


SUMMARY 


1. Apical diastolic murmurs were found in 19 per cent of one hundred con- 
secutive patients with noncvanotic congenital heart disease. 

2. Twenty patients with noncyanotic congenital heart disease and apical 
diastolic murmurs were studied extensively to determine the accurate anatomic 
diagnosis. Atrial septal defect, ventricular septal defect, and patent ductus 
arteriosus were the most common lesions found in this series. There was no 
example of Lutembacher’s syndrome in this group of patients. 

3. Twenty-five thousand consecutive autopsies studied contained only 
five cases of Lutembacher’s syndrome—representing 6 per cent of all atrial septal 
defects. 

4. Physiologic mechanisms, explaining the origin of these ‘functional 
mitral murmurs”’ in congenital heart disease, are suggested. 

‘organic’’ mitral murmur from the 


5. Diagnostic criteria differentiating the 
“functional”’ ones are pointed out. 

6. The probability of the development of mitral stenosis in patients with 
atrial defect is so small that an operation aimed at closure of the defect is highly 
desirable. 

The authors are indebted to Dr. James W. Dow for the catheterization data and for his helpful 
suggestions regarding many of the physiologic processes involved in this study. We also great- 
fully acknowledge the help given to us by Dr. John M. Craig of the Children’s Medical Center 
and by Dr. Gordon S. Myers of the Massachusetts General Hospital in furnishing us the patho- 
logic data. 
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PHONOCARDIOGRAPHIC DIFFERENTIATION OF VIBRATORY 
(FUNCTIONAL) MURMURS FROM THOSE OF VALVULAR IN- 
SUFFICIENCY: FURTHER OBSERVATIONS AND APPLI- 
CATION TO THE DIAGNOSIS OF RHEUMATIC 
HEART DISEASE 


T. N. Harris, M.D., AND SIDNEY FRIEDMAN, M.D. 


PHILADELPHIA, PA. 


i ew graphic representation of sounds heard over the human precordium has 
been used not only for teaching purposes and for the permanent recording 
of such sounds but also as an aid in diagnostic problems encountered in clinical 


cardiology. In some instances such graphic recording of heart sounds has been 
suggested to assist the ear of the observer by confirming the presence of suspected 
murmurs! and by locating adventitious sounds more accurately in the cardiac 
cycle, especially in the case of cardiac murmurs.**° The latter application is of 
particular importance in identifying triple rhythms, when the relative positions 
in time of the normal and extra heart sounds are of considerable diagnostic im- 
portance; a number of studies have been reported of this application.!+:7-!° 

Phonocardiography has also been applied to the detection or identification 
of specific cardiac murmurs on which the diagnosis of organic valvular lesions may 
be based. Thus, diastolic murmurs at the base of the heart or below the left 
clavicle, inaudible to the ear but visible on heart sound tracings, have in con- 
junction with audible systolic murmurs provided the evidence necessary for the 
diagnosis of a patent ductus arteriosus.‘ Again, such tracings have been used 
by some observers to distinguish presystolic mitral murmurs from roughened or 
reduplicated first heart sounds and thus give evidence for or against incipient 
mitral stenosis.*:"! Finally, phonocardiography has been applied in one instance 
toward the differentiation of a pathologic from an innocent cardiac murmur in 
childhood, on the basis of difference in acoustic quality. In 1949 the authors” 
compared phonocardiographic recordings of apical systolic murmurs from known 
cases of mitral insufficiency due to rheumatic heart disease with similar tracings 
from other cases of children at whose cardiac apex was audible the nonpathologic 
vibratory murmur which was described as a ‘‘twanging-string murmur” by Still® 
and which has been emphasized by Ash"™-" as presenting an important diagnostic 
problem in pediatric cardiology. 

The two adventitious sounds were found to yield tracings with character- 
istically different wave forms: the nonpathologic vibratory murmur appeared as 
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a simple wave of constant frequency, such as would be produced by a tuning 
fork, whereas the murmur of mitral insufficiency appeared as a chaotic mixture of 
amplitudes and frequencies, such as would be produced by a jet or noise. The 
clinical importance of the distinction between these two types of murmurs is 
obviqus since not only may the murmur of mitral insufficiency imply a valvular 
lesion but it is also the most common basis for a diagnosis of rheumatic heart 
disease or rheumatic carditis, whereas the vibratory or twanging-string murmur 
is very commonly present in normal children.'® The latter often occurs in a truly 
precordial position, with only poor transmission to the apex, and in its most char- 
acteristic form is of a quality which can be easily distinguished from the blowing 
murmur of valvular insufficiency. However, this vibratory murmur may also 
occur with its point of maximal intensity at or near the apex beat and even be 
audible beyond that point. Also, it may be of a quality which is difficult to dis- 
tinguish from that of murmurs of valvular insufficiency, except by those with 
considerable experience in pediatric cardiology. 

In the earlier study, the correlation between phonocardiographic wave form 
and clinical significance had been supported by clinical data accumulated over a 
period of some years in the cases of the patients presented. Since the com- 
pletion of that study further experimental observations have been made, some 
of which are recorded below. In addition, a number of clinical situations have 
been encountered by the authors in which the application of this procedure has 
been of value and, in view of the clinical importance of the distinction between 
the two murmurs, typical situations of this sort will be briefly presented. 


EXPERIMENTAL OBSERVATIONS 


1. Differentiation of the Two Murmurs by Different Instruments.—It was 
considered advisable to repeat the comparison of the two types of murmurs with 
an instrument of different manufacture than that used in the earlier study for two 
reasons: first, in order to support the significance of the differences observed 
in the tracings, by showing their independence of the instrument used, and, second, 
in order to widen the range of application of this difference to diagnostic problems. 
Accordingly, a number of children with known vibratory murmurs and others 
with known mitral insufficiency were examined with two instruments, one a San- 
born Stethocardiette (not the same instrument as that used in the earlier study) 
and the other a Cambridge Stethograph. The tracings obtained with both in- 
struments in two children of each clinical group are shown in Fig. 1. These 
tracings demonstrate that, whereas small differences can be found between trac- 
ings obtained by the respective instruments, each instrument can show the 
characteristic difference between the wave pattern of the vibratory murmur and 
that of the blowing murmur of valvular insufficiency. 


2. The Character of the Sound Tracings of Vibratory Murmurs at Points of 


Diminished Intensity.—Because of the common occurrence in childhood, both of 
functional vibratory murmurs and of rheumatic heart disease, it is quite possible 
to find them coexisting in a given patient. When such a combination involves 
a vibratory murmur whose point of maximal intensity lies in the midprecordium, 
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one may find a precordial vibratory murmur with a suspicion or suggestion of 
roughening into a more blowing character over the apex. In such a case one may 
find by phonocardiography that in the tracing taken at the midprecordium the 
wave form of the systolic murmur is of the vibratory type whereas in that taken 
at the apex the wave form will be smaller and of irregular character.* 


if 


ct | 


D! 


Fig. 1.—Heart-sound tracings as recorded in children with vibratory (functional) murmurs (A, B) 
and children with mitral regurgitation (C, D). Primed letters indicate tracings taken with the Cam- 
bridge Stethograph. Companion (unprimed) tracings were taken with the Sanborn Stethocardiette. 


In the practical considerations of diagnosis this combination of tracings has 
raised the following question: does a tracing of lower amplitude and of irregular 
frequencies and amplitudes at the periphery of a classical vibratory murmur in- 
dicate the presence of a second, organic, murmur, or may it represent merely a 
less distinct form of the vibratory murmur itself, with the regularity of frequency 
and amplitude marred by transmission through a greater mass of tissue? In 
order to answer this question, tracings were taken, in the cases of a number of 
children with pure vibratory murmurs, at the point of maximal intensity of the 
murmur and at increasing distances from that point, both to the right, until the 
right sternal border had been passed, and to the left, well into the axilla. The 
amplification setting of the instrument was kept constant within each such series. 


*In combinatlons involving pronounced mitral insufficiency the transmissions of the blowing mur- 
mur into the axilla will make the diagnosis quite clear. 
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On examining the resultant sets of tracings it was found that the murmur had 
diminished in amplitude with increasing distance from the point of maximal in- 
tensity, but without change in the characteristically regular wave form, until no 
murmur was visible at all when a sufficient distance had been attained. In no 
case did the irregularities of frequency and amplitude characteristic of organic 
murmurs appear, even at the tracing of lowest amplitude. This was true in sets 
of tracings taken both to the left and tothe right. It would appear, then, that the 
characteristic wave form of the vibratory murmur is not lost throughout the 
area over which the murmur can be detected by the instruments currently 
available. Accordingly, a tracing of the “‘regurgitant’’ character found at the 
cardiac apex, at the periphery of an area in which vibratory murmur is detected, 
should be considered as an indication of a valvular lesion in addition to the func- 
tional vibratory murmur. 
CLINICAL EXPERIENCE 


During the two and one-half years since the earlier study was completed, 
the authors have observed many patients who illustrate the importance of dis- 
tinguishing between vibratory murmurs and those of valvular regurgitation. 
In a considerable number of these cases phonocardiographic tracings were used 
to assist or confirm the auscultatory findings and of this latter number there were 
twenty-eight cases in which the tracing showed a wave form characteristic of the 
vibratory murmur and thus indicated or confirmed the nonpathologic character 
of the murmur. 


These appeared in the following clinical groups: 


1. Rheumatic fever with suspected heart disease............... 3 
2. Cardiac murmur noted on routine physical examination by 
school physicians, with resultant suspicion of rheumatic heart 


3. Fever of unknown origin with cardiac murmur suggesting 
rheumatic carditis as the diagnosis.....................45. 13 
4. Surgical cases with incidental finding of cardiac murmurs..... 4 


Since certain clinical patterns occurred with some frequency, case reports 
typical of the respective groups are presented. 


Case 1.—Rheumatic Fever With Suspected Heart Disease. N. C., a 15-year-old Negro girl, 
had attended the Rheumatic Fever Clinic of the Philadelphia General Hospital for a period of 
several years. Her past medical history revealed two hospital admissions associated with acute 
illnesses diagnosed as rheumatic fever and also a seven-month period of bed rest spent in a con- 
valescent hospital for young cardiac patients. In April, 1943, a heart murmur was discovered 
during the course of a routine physical examination by a school physician. In October, 1943, the 


patient was first hospitalized with a diagnosis of rheumatic fever because of a migrating poly- 
arthritis, fever, abdominal pain, and sore throat. At this time a loud systolic murmur was again 
heard and interpreted to indicate the presence of mitral insufficiency. The erythrocyte sedi- 
mentation rate ranged between 20 and 25 mm. per hour through the tour months of hospital stay. 
She was sent directly to a convalescent hospital where she remained for seven more months. 
Following this presumed episode of rheumatic fever, she was well until April, 1947, when she was 
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again hospitalized with a diagnosis of acute rheumatic fever because of fever, profuse nosebleeds, 
and joint pains. A loud systolic murmur was again heard over the entire precordium. The 
erythrocyte sedimentation rate was 75 mm. per hour (corrected) at the time of this admission, 
but dropped rapidly to normal within three weeks. Although there was some doubt concerning 
the degree of rheumatic activity, she was discharged with a diagnosis of rheumatic valvulitis and 
mitral insufficiency. 

Since this last admission, the patient has been followed in the Rheumatic Fever Clinic at the 
Philadelphia General Hospital for a period of three years. During this interval she has been per- 
fectly well with no symptoms or signs of rheumatic fever or heart disease. On several occasions 
phonocardiographic tracings were made in an attempt to corroborate the clinical impression held 
by several members of the clinic staff, that the cardiac murmur audible at present and probably 
in the past was of a functional or physiologic nature. These tracings showed the characteristic 
low frequency of vibration and uniform wave pattern indicating a vibratory murmur. The mur- 
mur has progressively diminished in intensity during the past three years but still has a low- 
pitched vibratory quality and on the basis of auscultation alone is clearly a functional murmur. 
Thus, while this child may have suffered from rheumatic fever, she almost certainly never had 
rheumatic heart disease with mitral insufficiency. The identification of this murmur as a func- 
tional one at an earlier date may well have eliminated a large portion of this child’s hospitalization 
with all of its attending disruptions to normal living and development. 


Case 2.—Cardiac Murmur Noted on Routine School Examination. D. A., a 6-year-old Negro 
girl, was referred to the Rheumatic Fever Clinic of the Philadelphia General Hospital in May, 
1948, following the discovery of a loud systolic precordial murmur during a routine school physical 
examination. There was no family history of rheumatic fever. The patient was afebrile and 
entirely without complaints. Physical examination in the clinic revealed a moderately loud 
systolic murmur, low in pitch and vibratory in quality. This murmur was diffusely audible but 
loudest in the midprecordium just to the right of the apex beat. It could be heard several centi- 
meters to the left of the apex beat but was of diminished intensity in this region. A physiologic 
third heart sound was present at the apex. 

All studies done at the time of the initial clinic visit yielded normal results. These included 
an electrocardiogram, orthodiagram, erythrocyte sedimentation rate, and streptococcal anti- 
hyaluronidase and antistreptolysin determinations. The patient has now been followed for a 
period of over three years and has developed no evidence of heart disease.. She has gained 22 
pounds in weight and experienced no illness during thisinterval. Because of the acoustic quality 
of this patient’s murmur, it has been considered functional in nature. Support for this belief was 
found in a phonocardiographic tracing which revealed the characteristic slow frequency of vibra- 
tion and uniform wave pattern of this murmur. The patient has been on unrestricted activity 
from the start. 


Case 3.—Fever of Unknown Origin With Cardiac Murmur. M. H. S., a 54-year-old white 
boy, was admitted to the private service of Dr. Joseph Stokes, Jr., at The Children’s Hospital of 
Philadelphia for the study of a fever of undetermined origin. The boy had developed normally 
and was apparently well until several months prior to admission. During this interval he expe- 
rienced several ‘‘colds’’ and attacks of sinusitis. Two weeks before hospitalization it was noted 
that he was listless, easily fatigued, anorexic, and had a low-grade fever. His family physician 
discovered a loud murmur heard diffusely over the precordium and as far to the left as the anterior 
axillary line. Two local cardiologists were consulted and concurred in the diagnosis of rheumatic 
fever with cardiac involvement. The patient was then hospitalized for more extensive study. 
This revealed no clinical or laboratory abnormalities other than infection of the upper respiratory 
tract with hypertrophy of the adenoid tissue. Cardiac consultation disclosed a low-pitched 
systolic murmur with a well-marked musical or vibratory component heard best to the left of the 
sternum but audible also at the apex and beyond. This was interpreted as a typical physiologic 
murmur of childhood which could not be used as an indication for the diagnosis of rheumatic 
heart disease. This interpretation was confirmed by the phonocardiographic tracing which showed 
a systolic murmur of low frequency of vibration and uniform wave pattern. It was suggested on 
discharge that the patient would probably benefit from a tonsillectomy and adenoidectomy. 
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Case 4.—Surgical Cases With Incidental Finding of Cardiac Murmurs. J. L. P., a 9-year-old 
white girl, was admitted to the surgical service of The Children’s Hospital of Philadelphia with 
the chief complaint of left lower abdominal pain. The clinical picture was not typical of an acute 
surgical abdomen and operation was delayed for three days. At the end of this interval a mass 
could be palpated in the left lower abdomen on rectal examination. At operation the left ovary 
and fallopian tube were found to be hemorrhagic and necrotic due to torsion of these organs, 
A left salpingo-oophorectomy and an appendectomy were performed without apparent difficulty. 
The postoperative course was complicated by a temperature elevation to 102.4° F. on the fourth 
postoperative day. At this time a loud systolic murmur was audible in the midprecordium, the 
pulse was rapid, and the sedimentation rate was 25 mm. per hour. The diagnosis of rheumatic 
fever was entertained and a cardiologic consultation requested. The murmur heard was of max- 
imal intensity in the midprecordium and had a low-pitched nonblowing quality. Its functional 
nature was confirmed by a phonocardiographic tracing which showed the typical uniform wave 
pattern of the vibratory murmur. The patient’s fever and tachycardia subsided spontaneously, 
with persistence of the cardiac murmur. 

SUMMARY 

The characteristic difference between heart-sound tracings of murmurs of 
valvular insufficiency and those of the normally occurring vibratory cardiac 
murmurs of children can be observed with instruments manufactured by both 
the Sanborn Company and Cambridge Instrument Company, Inc. The uniform 
wave form of constant frequency characteristic of the vibratory murmur is seen 
even in phonocardiographic tracings taken at points distant from that of the point 
of maximal intensity of that murmur. 

Twenty-eight patients with heart murmurs have been catalogued in whom 
phonocardiographic evidence of a vibratory murmur has suggested or con- 
firmed a clinical decision that the murmur in question was not indicative of heart 
disease. Case histories typical of these clinical situations have been presented. 
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THE EFFECTS OF IMPROPER FITTING OF STETHOSCOPE 
TO EARS ON AUSCULTATORY EFFICIENCY 


Maurice B. Rappaport, E.E., AND HowaArD B. SPRAGUE, M.D. 


Boston, Mass. 


Eine object of this investigation is to determine quantitatively the effects of 
leaks at the observers’ ears when improperly fitted ear pieces are employed 
on the binaurals of acoustic stethoscopes. 

In a previous communication,' we described the instrumentation necessary 
for measuring stethoscope efficiency at all frequencies in the auscultatory spec- 
trum. Basically, the measuring apparatus is a sound pressure meter which 
evaluates the sound pressure at the binaural ear pieces of the stethoscope when 
coupled to artificial ears. The sound pressure which is applied to the artificial 
ears is expressed in dynes per square centimeter or decibels above a reference such 
as the average human threshold of hearing. The established threshold reference 
is equal to 0.000200 dynes per square centimeter.” 

Data discussed in previous communications'* indicate that the optimal 
acoustic stethoscope should use binaurals with a 14 inch caliber or bore instead 
of the usual */;, inch bore which is common to most all commercially available 
stethoscopes. The rubber tubing which is interposed between the chest piece 
and the binaurals should also have a caliber of ’ginch. Furthermore, the tubing 
should be as short as possible, consistent with convenient handling. Our ex- 
perience indicates that a rubber tubing length of approximately 10 inches allows 
adequate maneuverability for most clinical applications. Therefore, a stetho- 
scope with 10-inch rubber tubes was selected in evaluating the effects of leaks 
at the ears. 

Fig. 1 is a graph of our test data which shows the response curve (A) where 
no leaks are present at the ears. Curve B resulted when a leak was made at the 
ear which did not have the sound pressure meter connected to it. The magnitude 
of the leak was a hole 0.015 inch in diameter as compared to a hair diameter of 
approximately 0.003 inch. It should’ be kept in mind that the alternate ear 
is acoustically connected to the ear which has the sound pressure meter con- 
nected to it. Curve C results when the alternate ear is well sealed but a 0.015 
inch leak is at the ear being measured. Curve D results when a 0.015 inch 
diameter leak is made at both ears. Curve E results when the alternate ear is 
disconnected from the artificial ear. The axis of abscissae of the graph is ex- 
pressed in frequency or cycles per second over the auscultatory spectrum.* The 
axis of ordinates is expressed both in dynes per square centimeter of pressure 
measured at the artificial ear and the equivalent number of decibels above the 
average human threshold of hearing. 


Received for publication January 2, 1952. 
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Fig. 1.—-Family of frequency response curves of an acoustic stethoscope for various conditions of leak 
at the binaural ear pieces. 


CONCLUSIONS 


1. A leak equal to 0.015 inch as has been used in this investigation is a 
reasonable approximation of what may occur when the stethoscopic ear pieces 
are improperly fitted. The leak diameter is approximately 5 times the diameter 
of a single hair. 

2. In the very low frequency portion of the auscultatory spectrum from 
about 70 cycles per second and lower: (a) The maximum stethoscopic eff- 
ciency results when no leaks are present. (b) The over-all efficiency of the 
stethoscope is slightly higher when the leak is in the alternate ear than at the 
measured car. This phenomenon is of no clinical value but of academic interest 
only. (c) Leaks of equal size at both ears reduce the efficiency by a marked 
amount and the efficiency diminishes rapidly as the frequency decreases. (d) 
The most inefficient condition in the low frequency spectrum results when one of 
the ear pieces is disconnected from the ear which effectively produces a very 
large leak. 

3. The resonant peaks for the various conditions of leak are altered through- 
out the auscultatory spectrum. 

4. The large leak which occurs when one ear piece is left open to the air 
improves the apparent efficiency from about 70 to 350 cycles per second. The 
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effect is nullified by the introduction of excessive room noise which tends to mask 
the auscultatory sounds. Also, the ability to hear auscultatory sounds with one 
ear is less than with two ears.® 

5. Small variance in apparent stethoscopic efficiency occurs between 350 
and 1000 cycles per second for all conditions according to measurement. How- 
ever, a masking effect due to the increased superimposition of room noise upon the 
auscultatory sounds when leaks are present is most severe in this portion of the 
auscultatory spectrum. 

6. Our quantitative data show that it is imperative to have well-fitted 
stethoscopic ear pieces for optimal auscultatory efficiency as all types of sounds 
and murmurs are less well heard when leaks are present. 
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SOME VIEWS ON THE SIGNIFICANCE OF qR AND QR TYPE 
COMPLEXES IN RIGHT PRECORDIAL LEADS IN THE 
ABSENCE OF MYOCARDIAL INFARCTION 


DEMETRIO SopI-PALLARES, M.D., BisTENI, M.D., AND 
GEORGE R. HERRMANN, M.D.* 


Mexico City, MEXxIco 


N RIGHT precordial leads the qR and QR type complexes, in the absence of 

myocardial infarct, have recently been the subject of several publications. '-* 
The interpretations were quite different and, generally speaking, had little ex- 
perimental basis. Goldberger! attributed these tracings to a considerable rota- 
tion of the heart, so that the right precordial points would be facing basal regions 
of the left ventricle. KKossmann and associates’ referred the R wave in these 
complexes to the activation of the “‘crista supraventricularis.’’ Wilson and 
associates*® attributed these complexes to right ventricular hypertrophy which 
diminished the density of the Purkinje fibers: ‘“qR or QR complexes suggest 
the hypothesis that the Q wave could be attributed to the decreasing number of 
unions between the fibers of Purkinje and the muscular fibers of certain areas 
which would determine some degree of delay of activation at the site of the free 
wall under the electrode.”’ 

To discuss the significance and the origin of these types of tracings, we would 
like to point out some facts that we believe are firmly established: 

1. These tracings are found especially in diseases that produced hyper- 
trophy or dilatation of the right heart chambers, particularly in rheumatic 
patients with very high-grade mitral and tricuspid valvular lesions (Fig. 7), in 
acute cor pulmonale (Fig. 18), in chronic cor pulmonale, and in some congenital 
heart diseases (Fig. 4). It is not surprising, therefore, that Wilson and associates 
attributed these qR and QR complexes to right ventricular hypertrophy. 

2. In right intra-atrial tracings in the normal human heart, similar com- 
plexes were obtained (Fig. 1), although with varying relations between the 
positive and the negative deflections: Qr, QR and occasionally, especially in 
tracings of the S;, Se, Ss type, complexes of the qR type. 

3. The study of right and left intra-atrial tracings'’’ and of epicardial trac- 
ings of both atria in the heart of normal dogs reveals the same morphology 
described in the previous paragraph (Fig. 1). 

4. Esophageal? and bronchial* leads at the level of the left atrium in normal 
human hearts show similar ventricular complexes and this is suggestive that 
over the epicardium and within the cavity of the left atrium it is likely that the 
same potential variations are present as in the dog’s heart. 


From the Instituto Nacional de Cardiologia, Mexico City. 
Received for publication Jan. 15, 1952. 
From the Departments of Internal Medicine and Pathology. University of Texas. School of 


Medicine. Galveston. Texas. 
716 


so 


Yr. 


Cay 
nea 


cay 
unij 
leac 


lead 


SODI-PALLARES ET AL.: QR AND QR COMPLEXES IN RIGHT PRECORDIAL LEADS 


NORMAL 
DOG 


Fig. 1. 
\ j 
RIGHT BUNDLE BRANCH BLOCK 
i Fig. 2 
| 


LEFT BUNDLE BRANCH BLOCK 


Fig. 1 Morphology of the unipolar leads taken at or near the epicardial surface and within the 
cavity in the normal hearts of dog and man. The dotted line indicates that the unipolar lead was taken 
near but not at the epicardial surface, as occurs in the bronchial and esophageal leads. 


Fig. 2.— Morphology of the unipolar leads taken at or near the epicardial surface and within the 
cavity in hearts of dog and man with right bundle branch block. The dotted line indicates that the 
unipolar lead was taken near but not at the epicardial surface, as occurs in the bronchial and esophageal 
leads 


Fig. 3 Morphology of the unipolar leads taken at or near the epicardial surface and within the 
cavity in hearts of dog and man with left bundle branch block The dotted line indicates that the 
unipolar lead was taken near but not at the epicardial surface, as occurs in the bronchial and esophageal 
leads 
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5. Experimental section of the right bundle branch in the dog’s heart°’ 
causes the R wave of the QR complex in the right atrium to increase in voltage, 
to become slurred, and to delay its intrinsic deflection while the Q wave is less 
negative. ‘The right intra-atrial tracing in the dog becomes qR (Fig. 2). The 
same takes place in the epicardial tracings of the right atrium. On the contrary, 
the QR complex of the left atrium, over the epicardium as well as in the cavity, 
becomes the QS type (Fig. 2). These facts suggest that the late R wave of the 
right atrium has its origin in some regions of the right ventricle which are acti- 
vated late in the cardiac cycle. 

6. If the left bundle branch is severed experimentally in the dog,’ the R 
wave of the QR in the left atrium increases in voltage. It also becomes slurred 
and exhibits a delayed intrinsic deflection. On the contrary the Q wave is less 
negative. The left intra-atrial tracing of the dog changes to the qR type (Fig. 3). 
The same is true on epicardial tracings of the left atrium. On the other hand, the 
OR complex of the right atrium, at the epicardial surface as well as within the 
cavity, changes to a QS type of tracing (Fig. 3). These facts suggest that the 
late R wave of the left atrium has its origin in some regions of the left ventricle 
which are activated late. 

7. In cases of right bundle branch block, the intra-atrial tracing in the 
human heart is quite similar to that recorded in the dog after the experimental 
section of the right bundle.’ The tracings obtained are of the qR type with a 
slurred R wave and a delayed intrinsic deflection (Fig. 2). 

8. In cases of left bundle branch block, esophageal tracings recorded at the 
atrial level in the human heart are very similar to those recorded in and on the 
left atrium of the dog after the experimental section of the left bundle branch 
(Fig. 3). 

In a patient with interatrial septal defect and right bundle branch block 
we® succeeded in exploring the cavity of the left atrium and obtained the same 
type of complexes as those recorded from the left atrium of the dog’s heart in 
which right bundle branch block had _ been produced. 

9. Unipolar right limb tracings in normal human hearts often showed the 
morphology qR or OR, because the right arm faces the right atrium.® 

10. Usually there are recorded in V;, when there is a left bundle branch 
block, complexes of the qR type with slurrings and delays in intrinsicoid de- 
flection.® 

Consideration of these ten observations has led us to suspect that the find- 
ings of dR and QR complexes in V,; and V: etc., are suggestive of exploration of 
the epicardial surface of the right atrium. 

If this is true then it further suggests that the right atrium has been en- 


larged or the heart has been rotated. 


The following cases together with forty-two autopsy reports (four of which 
are reviewed in some detail) seem to support this view. 
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CASE REPORTS 


CasE 1.—A woman, 59 years old, had congenital heart disease of the cyanotic type, the exact 
nature of which was obscure. Examination showed a large cardiac outline but no murmurs. 

The electrocardiogram showed auricular fibrillation. The standard and unipolar limb leads 
were suggestive of incomplete right bundle branch block on the basis of slurred and broadened S; 
and the slurred and broadened R in Vr. Very deep Q waves were present in Lead III and Vr, 
such as occur in some cases of congenital heart diseases (Fig. 4). 


LI L II L III 


Fig. 4 (Case 1).—Tracing suggestive of incomplete right bundle branch block if we take into con- 
sideration the standard and unipolar limb leads (see text). In V; and V4 there are complexes of qR 
type. In Veand V3; the complexes are of qRstype. In V; and V_ there are M-shaped complexes which 
could indicate slight incomplete left bundle branch block. The complexes taken from V, through V4 
are similar in form to those recorded directly at the epicardial surface or within the cavity of the right 
auricle in cases of right bundle branch block. This morphology is explained by the great size of the 
right auricle as was proved in this case. 


The precordial leads present most unusual patterns (Fig. 4). In V,; there is a complex of the 
qR type; in V2. and V; the complexes are of the qRs type; in V, again the qR type and finally in 
V; and V, there are M-shaped complexes with rR’.. We could not explain this morphology in the 
precordial leads and so further data were sought. 

Catheterization of the right cardiac chambers showed that the greatest part of the area com- 
prising the cardiac outline belonged to the right atrium (Fig. 5), and the tricuspid valve was greatly 
displaced to the left (TR, Fig. 5). The right ventricle was situated beyond this point and quite 
close to the left border of the heart’ contour. 
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With this information the explanation of the precordial electrocardiogram is 
clarified in that the exploring electrodes in the first four precordial points V,, 
Vo, V3, and V4 were exploring the right atrium while V; and V4 were opposite the 
right ventricle. The V; and V¢ complexes of right bundle branch block are usu- 
ally recorded in V; and V2 but had been displaced in this case far to the left by the 
huge right atrium. Sodi-Pallares and co-workers‘ have described the complexes 
of the type recorded in V, through Vj, in electrocardiograms from the right 
atrial cavity in the dog and in man and from the surface of the right atrium in 


dogs in the presence of right bundle branch block. 


Fig. 5 (Case 1) In this scheme is shown the way followed by the catheter during the catheteriza- 
tion of the right cardiac chambers 
cardiac outline belonged to the right auricle and that the tricuspid valve was greatly displaced to the 
left (TR) The right ventricle was situated beyond this point and quite close to the left border of the 


heart contour. 


The superior tracing taken from a catheter electrode in the right auricular cavity 


Fig. 6 (Case 1).- 
Both have quite similar patterns (QR). 


was recorded simultaneously with V, (inferior tracing). 
There is auricular fibrillation. The tracings in this figure were retouched. 


Furthermore, in this case the electrocardiogram taken from a catheter 
electrode in the right atrial cavity was recorded simultaneously with V, and 


showed a quite similar pattern (Fig. 6). 


It was proved that the greatest part of the area comprised in the 
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Case 2.—A woman, 33 years old, presented signs of rheumatic mitral stenosis and insufficiency 
and tricuspid insufficiency and questionable aortic regurgitation. 

The electrocardiogram showed auricular fibrillation and the standard and unipolar limb leads 
were suggestive of right bundle branch block (Fig. 7). In all the six precordial leads, V, through 
Ve, there were complexes of the qR type. We thought that these qR complexes in all precordial 
Leads V; through V¢ indicated right atrial potentials and therefore great enlargement of the right 
atrium extending to or near to the left border of the heart. 

Electrocardiograms taken in a complete circle of the thora as drawn in the outline (Fig. 8) 
at the level of the fourth intercostal space showed a qR pattern at points J and 2 and probably 
right ventricular pattern, tendency to M complex, at point 5 and probably left ventricular pattern 
(slurred and broadened S) at points 6, 7, and 8. The circle of the thorax at the level of the fifth 
intercostal space (Fig. 9) showed qR pattern at points / through 4 and right ventricular pattern 
at points 5 and 6 and questionable left ventricular pattern at point 7. These electrocardiograms 
taken around the circumference of the thorax suggested that the left ventricle formed an impor- 
tant portion of the posterior wall of the heart and that the right ventricle also formed part of the 
same posterior wall, but me made up the inferior aspect of the heart. 


L Il Iil 
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Fig. 7 (Case 2).—-There are auricular fibrillation and right bundle branch block. [In all the six 
precordial leads, V; through V¢, there are complexes of the qR type. 


leleradiograms in anteroposterior position showed a great dilation to the right, strongly sug- 
gesting great right atrial enlargement (Fig. 10). In this anteroposterior film it was impossible to 
determine how far the right atrium extended to the left. 

In order to determine accurately the size of the right atrium and especially to know how 
closely it approached the left cardiac contour, an angiocardiogram was done. This showed the 
existence of a very large right atrium lying within the right cardiac contour (this latter was formed 
by the left auricle) which reached the seventh dorsal upward and advanced to the left to a point 
slightly inward of the left midclavicular line, without reaching the left cardiac contour (Fig. 11). 
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Fig. 8 (Case 2).—-Electrocardiograms taken in a co7aplete circle of the thorax as drawn in 
outline at the level of the fourth intercostal space (see discussion in text) 


Fig. 9 (Case 2) Electrocardiograms taken in a complete circle of the thorax as drawn in 
outline at the level of the fifth intercostal space (see discussion in text) 
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It seems, from the angiocardiogram, that the right atrium reaches point 4 
of the precordial area; nevertheless, complexes of the atrial type are still found 
inV;,and V,«. At these leads these complexes still show a right atrial morphology 
which leads us to believe that the exploring electrode is oriented to the lateral 
aspect of this atrium. 


Case 3.—A girl, 13 years old, with slight cyanosis was clinically diagnosed as having inter- 
atrial septum defect with bidirectional flow suggested by catheterization and angiocardiography. 


The O: saturation of the arterial blood was 76 per cent. After 100 per cent oxygen inhalation, 
the saturation reached 81 per cent, increasing only 5 per cent, indicating that there was a veno- 
arterial shunt. The atrial pressure was 2.7 mm. Hg. 


The electrocardiogram showed incomplete right bundle branch block with a qR complex in V; 
(Fig. 12). The apex of the R wave was slurred and there was a delayed intrinsicoid deflection. 
In V2 and V; there was a Rs complex with initial slurring of the upstroke of the R wave. There 
were also broad slurred S waves in Leads I, V5, and V¢. 


The diagnosis of right atrial dilatation was made on the basis of the qR in Vi. 


This diagnosis was substantiated by the angiocardiographic study which 
showed an enlarged right atrium (Fig. 13). The diodrast immediately filled 
the right atrium and was probably prevented or delayed from passing to the left 
atrium by the higher pressure in the left atrium at the moment. 


Case 4.—A woman, 47 years old, had mitral stenosis and insufficiency and heart failure. 
On examination there was a greatly enlarged heart and the characteristic mitral murmurs. 


The electrocardiogram showed auricular fibrillation and incomplete right bundle branch 
block with a QRS of 0.11 second (Fig. 14). In V, there was a qR complex with a slurred R apex 
and late intrinsicoid deflection. In V; there wasa qRs. On the basis of these findings in V; with 
those of V, the diagnosis of dilatation of the right atrium was made. 


The teleradiogram showed a large heart with an are to the right indicating 
great right atrial dilatation (Fig. 15). 


REPORTS OF CASES WITH NECROPSY 


Case 5.—-A woman, 45 years old, presented the clinical findings of mitral stenosis and in- 
sufficiency and tricuspid insufficiency. 

The electrocardiogram showed (Fig. 16) right axis deviation (Agrs in + 120 degrees). The 
P wave was peaked in Leads I and II, diphasic in V;. There was a qRs complex with a negative 
T wave in V;. Lewis’s index was — 18 mm. We thought that the tracing suggested right atrial 
hypertrophy by the presence of qRs complex in V; and the peaked P waves in Leads I and II. 


Autopsy Report.—The heart was totally enlarged, especially its right cavities. The right 
atrium was greatly dilated and also the left atrium. The right ventricle was large and much greater 
than the left one. Its wall measured 9 mm. in thickness. The mitral valve measured 45 mm. 
circumference. Its valves were fused forming a rigid diaphragm with partial calcification. The 
tricuspid valve had its tendons shortened and its valves were thick and showed fibrinous verrucae 
of rheumatic nature. The aortic valve was normal. 

CasE 6.—A woman, 56 years old, had the clinical signs of mitral stenosis and insufficiency 
ind probably tricuspid insufficiency. The patient was in heart failure. 

The electrocardiogram (Fig. 17) showed right axis deviation (Agrs in + 140 degrees) and 
auricular fibrillation. There was a qR complex with negative T wave in V;. We thought that the 
tracing suggested hypertrophy of the right cavities, mainly of the right atrium. 
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Autopsy Report.—The heart was totally enlarged, especially its right cavities. The right 
atrium was greatly dilated. The left atrium was also increased in size. The mitral valve was not 
recognizable, since its cusps were completely fused, very thick and in some parts calcified, with the 
chordae tendineae almost entirely obscure. It had the shape of a straight and rigid funnel. The 
tricuspid valve leaflets were slightly shortened and thickened at their free edge, which showed 


Fig. 12 (Case 3 There is incomplete right bundle branch block with a qR complex in 
V; which suggests right auricular dilatation 


some rheumatic verrucae. 
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Fig. 13 (Case 3) Angiocardiographic study which showed an enlarged right auricle. 
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\ woman, 45 years old, was found to have the clinical evidence of pneumonia pro- 


CASE 7. 
An acute cor pulmonale was also diagnosed. 


duced by Friedlander’s bacillus and pneumococcus. 

The electrocardiogram (Fig. 18) showed an S;, Se, S; type of tracing with QR complexes in 
Leads V; and V>. Slurring of S in left precordial leads and of R in lead Va were suggestive of 
incomplete right bundle branch block. There was a markedly positive RS-T displacement in the 
right precordial leads. There was a negative displacement of RS-T in V;and V.». The tracing was 
interesting because of the morphology in V; and Vz which might lead to a diagnosis of a recent 
Yet it was difficult to admit that a recent infarct with injured 


anteroseptal myocardial infarction. 
areas should only be present in V; and V. because the infarcts localized to the right ventricle are 


exceptional. 


Vii V 


This tracing shows auricular fibrillation and incomplete right bundle branch block 
In V, there is a qR complex suggestive of right auricular enlargement. 


Fig. 14 (Case 4). 


Fig. 15 (Case 4).—Teleradiogram showing a very large heart with a great arc to 
the right, indicating great right auricular dilatation. 
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Fig. 16 (Case 5).——In this tracing there is a qRs complex with negative T wave in V, 
suggesting right auricular enlargement 


Fig. 17 (Case 6).—This electrocardiogram shows right axis deviation and auricular fibrillation. There 
is a gR complex with negative T wave in V:, suggestive of right auricular dilatation. 
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Zuckermann and associates'® have stated, on the other hand, that acute cor 
pulmonale may give this type of tracing. In fact, this tracing was published by 
this author. Should it not be a myocardial infarction, the tracing suggested 
great right atrial dilatation and the presence of myocardial injury on the epi- 


cardium of the free wall of the right ventricle’ or over the right septal surface." 


In other words, the tracing is compatible with and is even suggestive of acute cor 


pulmonale. 
V2 V3 


efi 


vs V6 


Fig. 18 (Case 7).—-This tracing shows QR complexes with marked RS-T displacement in V; and 
Ve. There is a negative displacement of RS-T in Vs and V>¢. These changes may lead to a diagnosis 
of a recent anteroseptal myocardial infarction. The necropsy study did not show myocardial infarc 
tion. The right auricle was very large (see discussion in text) 


Autopsy Report.—The heart was enlarged, especially the right cavities. The right atrium was 
very large: The ventricle was also large and had a thick wall. The left cavities were normal in 
size. The left lung had a cavity at the apex, the size of a cantaloupe. At some portions there were 
membranous-like formations which were easily detached. The adjacent parenchyma had a black- 
ish-gray color and was soft. In the rest of the lung there was pus and bloody fluid. 


Diagnosis.—Acute cor pulmonale. Atypical lobar pneumonia of the left lung. There was no 
myocardial infarction. 
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CasE 8.—A girl, 16 years old, had the clinical findings of mitral stenosis and insufficiency 
and tricuspid stenosis and insufficiency and heart failure. 

The electrocardiogram (Fig. 19) showed auricular fibrillar-flutter. Agrs was + 110 degrees 
with probable incomplete right bundle branch block if the slurred S wave in Lead I and V; were 
considered. There was also a qR complex in V; which led us to believe that there was great 
right auricular dilatation. The tracing was also suggestive of right ventricular hypertrophy. 

Autopsy Report.—The heart was small (269 grams) and could be moved freely within the 
chest. The right atrium was very much enlarged. The right ventricle was small. Its wall meas- 
ured 2 mm. in thickness, and in some sites it was merely thin scar tissue. The tricuspid valve 
measured 25 mm. in circumference and 7 mm. in diameter. It was a funnel-shaped thin fibrous 
inextensible diaphragm. 

The left atrium was dilated. The mitral valve appeared similar to the tricuspid but the 
chordae tendineae were thicker and shortened. It had a diameter of 10 millimeters. 

Diagnosis.—Marked tricuspid stenosis with slight tricuspid regurgitation due to the in- 
extensibility of the valve and a double mitral lesion. 


Fig. 19 (Case 8 There is auricular fibrillation and right bundle branch block. The qR complex in 
V,; suggests a great right auricular dilatation 


Tables | and Il summarize the data which in our estimation are the out- 


standing features in the forty-two autopsy reports. 


PABLE | 

NO. OF 

DIAGNOSIS CASES 
Double mitral lesion 3 
Pure mitral stenosis 1 
Double mitral lesion plus double tricuspid lesion 11 

Double mitral lesion plus tricuspid regurgitation (in 3 there was an added aortic 

lesion ) 19 
Chronic cor pulmonale (3 due to pulmonary emphysema; 2 to kyphoscoliosis ) 5 
\cute cor pulmonale (result of Friedlinder’s pneumonia 1 
Cor triloculare biventricular plus aortic coarctation 1 
Co; viloculare with pulmonary stenosis and transposition of the great vessels 1 


| 
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DISCUSSION 


In this paper we have stated that we were recording in precordial leads 
V, and V2 almost the same variations of potential that are present at the epicardial 
surface of the right atrium and we know also that in general quite similar varia- 
tions exist on the endocardial as on the epicardial surface at a given point in the 
right atrium. Here we have referred sometimes to the pattern as representing 
either endocardial or epicardial variations of potential. 


TABLE IIT 


RIGHT ATRIUM 


NO. OF 

DILATATION CASES 

+ | 

+ + 19 
+++ 15 
+++ + 7 

RIGHT VENTRICLE 

NO. OF 

HYPERTROPHY OR DILATATION CASES 

+ 3 

+ + 19 

+ + + 14 
+++ 4 5 

There was 1 case of single ventricle. 
LEFT ATRIUM 

NO. OF 

DILATATION CASES 
4 8 
+ + 19 
+ + + 7 
+++ + 2 

Dilatation was present in 36 cases. 
LEFT VENTRICLE 

NO. OF 

HYPERTROPHY OR DILATATION CASES 
+ 16 
+ + 8 
++ + 3 
+++ + 1 


Hypertrophy or dilatation in 28 cases. 
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We state this in the face of the recent claims in certain papers on vector- 
cardiography"” that insist that the variations of potential at a precordial elec- 
trode cannot be referred to the surface potentials of the part of the heart adjacent 
to the exploring area on the chest wall. They state that the variations of poten- 
tial of the precordial electrode represent the resultant of all of the cardiac vectors 
of the heart that are correctly oriented toward the given precordial electrode. 

This statement is correct yet not in contradiction to our views for the 
following theoretical and experimental reasons. 

Wilson® has established by application of the Poisson integral that the 
resultant of all the vectors produced in the heart (Integral of Volume) is equiva- 
lent to the resultant of all the vectors in the surface (Integral of Surface). 


A unipolar lead registered on the epicardium or at a distance from the heart 
will be directly proportional to the electric moment of all the vectors con- 
sidered on the surface. In fact, in the unipolar tracings registered on the epi- 
cardium, both the ascending branch of R and the terminal branch of S are de- 
scribed as extrinsic phenomena and the corresponding electrical changes produced 
at a distance from the recording electrode—at least from the theoretical point of 
view—may be referred to surface vectors also distant from the exploring electrode. 
As we have experimentally withdrawn the electrode to varying distances from the 
surface of the heart, the changes in the tracing appear to us minimal and un- 
important for practical purposes. These slight changes (mainly in the time of the 
intrinsicoid deflection and not in the morphology of the tracing) are the result 
of the distance since the potential varies inversely as the square of the distance 
in the volume integral and inversely as the cube of the distance in the surface 
integral. 

The advantages derived from this analysis of Wilson are great and of imme- 
diate practical value for, if we know the morphology of the curves taken from the 
surfaces of the atria and ventricles in normal and pathologic conditions, we have 
an idea of the position of the heart and if and where there are existing abnor- 
malities. 

The other support of this idea comes from the experimental work done on 
dogs. 


Wilson and co-workers" have demonstrated the great similarity of curves 
taken directly from the heart and those taken from the precordial region. In 
the normal dogs the curves taken from the trabecular portion of the right ventricle 
were similar to those taken from the precordium or chest wall in positions cor- 
responding to V; and Vs. The tracing taken from the anterior and lateral as- 
pects of the left ventricle were the same as those recorded in positions V ; and V «¢. 
Those curves taken from the anterior septal region which were transitional 
in shape were similar to those recorded in positions on the precordium correspond- 
ing to V3 and V4. 

Ferrero and co-workers," using a special technique of precordial transfixion 
in the dog, compared the curves taken at various depths and found that the 
morphology was practically the same if the transfixing electrode was maintained 
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in the line perpendicular to the surface of the heart. The only important differ- 
ences were moderate changes,in the time of the intrinsic deflections. 

In Case 1 we have recorded very similar tracings taken simultaneously from 
the cavity of the right atrium and from the precordial position V ,. 

In all of this we have not considered the qR to be a complex of atrial origin, 
It is definitely a ventricular complex but we are recording it through and from the 
right atrium. The problem was to determine the origin of the qR complex which 
Goldberger! had referred to the left ventricular base and Kossmann and asso- 
ciates* had attributed to the activation of ‘“‘crista supraventricularis” in the right 
ventricle. 

By a special technique previously described,® we have recorded Qr and QRs 
complexes experimentally in dogs from the right upper portion of the inter- 
ventricular septum. This part of the right septum is normally activated late in 
the cardiac cycle. The application of very close contiguous bipolar electrodes 
have shown the intrinsic deflection to be late and corresponding to the downstroke 
of the R in the unipolar lead. To explain the initial negativity or q at a point 
where the wave of depolarization is approaching, it is necessary to consider that 
there are other vectorial forces that withdraw from the explored site, which are 
of greater magnitude than those that correspond to the activation wave which 
approaches the exploring electrodes. This is possible if it is considered that the 
septal muscular portion of the right ventricle through which the activation wave 
approaches is very thin, and that all the activation vectors of the free ventricular 
walls belong to considerably thicker muscular portions. 

When the activation process is very close to the exploring electrode, it will 
determine a greater positivity which is variable according to the orientation and 
magnitude of the distant vectorial forces. 

Experimentally in dogs in which right bundle branch block has been pro- 
duced, we®® have recorded from the right upper ventricular septum and from 
the right atrial cavity two types of complexes: qR type with broad slurred R and 
late intrinsic deflection and qRs very similar to the complex that appeared in 
V2 and V; in the first case (Fig. 4). 

This strongly suggests that when we are recording QR complexes from the 
right precordium the exploring electrodes are facing the right upper ventricular 
septum through the dilated right atrium. Furthermore, this concept agrees 
with the facts delineated in paragraphs 1 to 10 establishing that the R wave is 
produced by some portions of the right ventricle that are activated late. 

Since QR complexes have also been recorded from the left atrium there exists 
the suggested possibility that qR complexes may exist in the upper left septum 
which has not yet been adequately explored. 

The previous ideas imply that the surrounding environment of the heart is 
homogeneous and does not greatly modify the distribution of the electrical cur- 
rents. There may be found local changes in this environment that change the 
distribution of the potentials, but the experiments pointed out previously lead us 
to believe that these changes are not significant. Since to the present time we 
do not know the extent to which the potential variations should be corrected, 
we do not believe it is practical to consider these factors until more experimental 


evidence is secured. 
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Kossmann’s idea is quite similar to ours, since the “‘crista supraventricularis”’ 
belongs to the interventricular septum at its higher levels. In Fallot’s tetralogy, 
qR complexes are commonly found over the right precordial leads with a very 
large R wave. One should not forget that in this disease there is an infundibular 
stenosis with a considerable hypertrophy of the muscular portion belonging to the 
‘“crista supraventricularis” that may determine the great voltage of R over the 
right precordial leads. 

It is difficult to accept Goldberger’s views. It is furthermore impossible 
to accept the idea that the base of the left ventricle might be oriented to Leads 
\', through V, in Case 1, and to V,; through V, in Case 2. 


SUMMARY 


1. It is considered that qR and QR complexes in right precordial leads in 
the absence of myocardial infarction are a good indication of right atrial dilatation. 

2. This statement was proved in cardiac cases wherein the right cavities 
were affected. It was furthermore proved by angiocardiography and necropsy 
studies that the right atrium was enlarged. 

3. The similarity of differences of potential recorded at the atrial surface 
and within the cavity are pointed out by means of the intra-atrial leads in man and 
in the dog, by atrial epicardial leads in the dog, and by esophageal and bronchial 
leads in man. 

4. Since the same potentials were found over the epicardial surface of the 
right atrium and within its cavity, qR and QR complexes were registered both 
at these sites and over the right precordial leads. It was believed the potential 
was registered very close to the surface of the right atrium. This implies that 
this atrium was enlarged, in order to approach points C,; and C, or that a rotation 
of the heart took place in such a way as to approximate the right atrial wall to the 
chest wall. 

5. These complexes (qR and QR) have been found experimentally in high 
portions of the interventricular septum which have a delayed activation. When 
they are registered over the right precordial leads it is probable that the exploring 
electrode is oriented to these aspects of the septum through the dilated right 
atrium. 
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THE EFFECT OF ECCENTRICITY ON SPATIAL VECTOR ANALYSIS 
OF THE ELECTROCARDIOGRAM OF THE NEWBORN INFANT 
AND ON THE CORRELATION BETWEEN THE ELECTRO- 
CARDIOGRAM AND THE VECTORCARDIOGRAM 


ABRAHAM I. SCHAFFER, M.D., JoHN HARLAN Dix, M.D., 
AND PETER BERGMANN, Pu.D.* 


New York, N. Y. 

N IMPORTANT cardiological problem in the newborn infant is the diag- 

nosis of abnormal right ventricular hypertrophy, for it occurs often in con- 
genital heart disease. Unfortunately, the electrocardiogram taken during the 
first few weeks of life cannot contribute much clinically to the solution of this 
problem. 

The normal neonatal record is already one of right preponderance'; it appears 
to be impossible to differentiate abnormal from normal right preponderance 
when only a single record is available. As demonstrated by one of us,? the only 
way to diagnose pathologic right preponderance in the newborn infant is by 
comparison of serial tracings taken over a period of weeks and months. Nor- 
mally the degree of right preponderance decreases with age; if serial tracings show 
an increase, abnormal right preponderance is indicated. 

Attempts have been made to establish the normal range of right preponder- 
ance by determining the normal values for times of onset of intrinsicoid deflec- 
tions, ORS voltages, and R/S ratios in the chest leads.** These standards were 
intended to permit the recognition of a greater than norma! degree of right 
preponderance. To our knowledge this has not been successful; no case has been 
reported where a diagnosis of abnormal right preponderance has been made in 
the newborn infant from a single tracing. 

Two recent developments promise to aid in the solution of the problem. 
Vectorcardiography, the direct registration of the spatial vector loops, appears 
capable of differentiating the abnormal from the normal right preponderance 
in the older age groups.*:7 Whether this will also hold for the neonatal period 
remains to be seen. A second development has been spatial vector analysis of 
the electrocardiogram according to the method of Grant.’ This procedure de- 
termines the mean spatial vector of the QRS complex by means of the routine 
limb and chest leads. Since it has been of considerable value in the diagnosis of 
right preponderance in the adult, we felt that an investigation of its possibilities 
in the newborn infant might be worth while. 
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sion), New York. 
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A few ordinary tracings of newborn infants were recorded; they included the 
six limb leads, Ver, Var, Vsternum, V1, V6, and a few unipolar leads from the 


back. Upon applying Grant's method of vector analysis to such tracings, several 


serious discrepancies were noted, sufficient to cast doubt on the validity of the 


method for the neonatal record. Then we proceeded to take many leads which 
systematically covered the entire chest, as will be described below. 


METHOD 


Electrocardiographic studies were obtained on six normal infants, 3 to 10 
hours old; in one of these a second series was recorded three days later. In‘ant 
type electrodes and a single channel direct-writing machine were employed. 
After recording the standard bipolar and augmented unipolar limb leads, the 
chest was explored with fifty-six unipolar leads in accordance with the following 
scheme. In each of the ten following lines five leads were taken: right anterior 
axillary, right midclavicular, sternal, left midclavicular, left anterior axillary, 
left posterior axillary, left scapular, vertebral, right scapular, and right posterior 
axillary. Each of these lines extended from the level of the clavicle to the level 
of the tenth rib. In the midaxillary line on each side three leads were taken. 
Fig. 1 shows the distribution of the leads. 
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Fig. 1.—Newborn girl, 9 hours old. Diagram of the distribution of the QRS complexes on the 
chest. The contours of the complexes were copied from the original electrocardiogram without any 
regard for the amplitudes of the deflections. Only the relative sizes of the positive and negative waves 
were observed so that a given complex could be designated as positive, negative, or transitional. The 
heavy line is the transitional zone. It divides the chest into positive and negative sections. It defines 
a plane which is almost vertical and slightly tilted from the left anteriorly to the right posteriorly. The 
plane is located near the left shoulder. The spatial vector of the QRS complex, which is perpendicular 
to this plane, is almost horizontal and points slightly anteriorly. Its center, which is located some- 
where on the plane, is located close to the left shoulder, and it seems to lie more to the left than the 
center of the ventricular mass. 


The QRS complexes were copied onto a diagram of an infant's chest. Little 
attention was paid to the amplitude of the deflections, since the evaluation con- 
cerned the polarity alone. The positive and negative areas in each complex were 
measured and added so that each complex as a whole could be characterized as 
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positive, negative, or transitional. The last type consisted of equal parts of 
positivity and negativity. No attempt was made to analyze the P and ST-T 
complexes because of their small size and lack of definition in many leads. 


ANTERIOR POSTERIOR 


RIGHT LEFT 


Fig. 2A.—-Newborn girl, 6 hours old. Only the transitional zone is drawn in. The apparent 
irregularity in the diagram could be explained by direct reference to the living subject itself. It was 
seen that the angle at which the transitional plane intersected the chest wall and the noncylindrical 
shape of the latter could account for the seeming irregularity that appears in the two-dimensional 
diagram. The transitional plane is almost horizontal; the mean spatial QRS vector is almost vertical 
and points anteriorly. 
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Fig. 2B.—-Newborn boy, 3 hours old. Marked eccentricity of the tra:sitional zone, its plane, and 
the center of the mean QRS vector. The transitional plane is almost vertical; the mean QRS spatial 
vector points almost horizontally to the right and somewhat anteriorly. 


RESULTS 

Figs. 1, 2A, and 2B illustrate how the chest was divided into positive and 

negative parts, separated by a transitional zone. Figs. 2A and 2B show the ex- 

treme variations found in the six cases. In the one infant examined five hours 

after birth and again three days later, there was no appreciable difference in 
the direction of the QRS vector or in the location of the transitional zone. 


AMERICAN HEART JOURNAL 


The form of the transitional zone is for the most part sharp and consistent 
with the intersection of a plane with the thoracic wall. Some parts show irregu- 
larities, but these are usually due to irregularities of the thoracic wall. If the 
myocardium adjacent to the electrodes supplied enough intrinsic potential to 
alter the QRS complex, then irregularities in the transitional zone ought to be 
seen in the precordial region where the heart is closest to the chest wall. This 
was not found and offers further evidence that the local effect of the myocardium 
adjacent to the electrode is not significant, even in the precordial leads of infants. 


The transitional zone represents the intersection of the transitional plane 
with the chest wall. The plane passes perpendicularly through the center of 
the mean QRS spatial vector, and it corresponds to the zero-potential plane 
which bisects a dipole. All points on the plane are equidistant from the ends of 
the vector. Accordingly, a lead from anywhere on the plane or zone registers 
a transitional type of QRS complex. 


Knowing the direction of the plane, one automatically knows the direction 
of the spatial QRS vector, for the latter is perpendicular to the former. Since 
the center of the vector is located somewhere on the plane, the location of the 
latter shows the possible locations of the center. The center of the vector cor- 
responds to the center of ventricular activation. In the six cases studied the 
mean spatial QRS vector lay between 90 and 170 degrees in the frontal plane and 
it pointed slightly anteriorly in all cases. In four of the six cases the transitional 
zone defined planes which were located close to the left shoulder (Fig. 2B). This 
also locates the center of the mean QRS vector close to the left shoulder. Thereby 
a definite eccentricity of ventricular electrical activity is demonstrated. The 
eccentricity refers to the triangle whose apices are the shoulders and the pubis. 


DISCUSSION 


Part I. Eccentricity and Vector Analysis of the Neonatal Electrocardiogram. 
The centers of the ventricular mass and the mean QRS vector should lie close to 
each other. The transitional zone should pass through or close to the center of 
the ventricular mass. In the newborn infant, on x-ray examination, the center of 
the ventricular mass lies relatively far to the left of the midline and near the left 
shoulder; accordingly, the center of the mean QRS spatial vector should also 
be close to the left shoulder. In Figs. 1 and 2B, the transitional plane passes 
to the left of the region which can reasonably be regarded as the center of the 
ventricular mass. This excessive eccentricity can be explained by the effect of 
eccentricity on the potential of the central terminal of Wilson. In this case the 
central terminal is dominated by the potentials of the left arm because the latter 
is closer to the heart than the other limb electrodes. The left arm is negative for 
the most part during the QRS phase in the newborn infant'; this makes the central 
terminal also negative during the QRS phase. This enlarges the area on the 
chest in which unipolar leads show positive QRS complexes as Ashman and asso- 
ciates® have suggested. Thereby the transitional zone is shifted even more to 
the left. One can expect any eccentricity that is demonstrated by the transi- 
tional zone method to be exaggerated beyond what is actually present. 
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Can the QRS complex in the newborn infant be analyzed in terms of the mean 
spatial vector? In adults, spatial vector analysis by Grant’s method has been 
found reliable. In the newborn infant, however, its application encounters a 
serious obstacle in that the mean spatial vector shows a marked and unpredict- 
able eccentricity. 

The spatial vector is perpendicular to the axis of any transitional lead. 
Since this axis is a line drawn from the electrode of a transitional lead to the center 
of the vector, its construction is possible if the location of the center is known. 
In the adult it is assumed that the center of the heart and its vectors lie in a 
definite area, namely, the anatomical center of the heart, and deviations there- 
from are clinically unimportant." Consequently, it is possible to construct the 
axis of any transitional lead and derive the spatial vector from only one or two 
transitional chest leads in the adult. 

In the newborn infant this method cannot be applied, for it is impossible to 
find the axis of one or two transitional /eads because the center of the vector 
cannot be reliably assumed to lie in any given region. While it is possible to find 
the spatial vector from the transitional zone, the latter must be mapped out by 
multiple exploratory leads. This is impracticable. These statements are not 
intended to reflect adversely on the validity of spatial vector analysis of the 
electrocardiogram. Rather they merely indicate that the practical application 
of Grant’s method is too difficult for clinical employment in the neonatal period. 


Part II. The Effect of Eccentricity on the Correlation of the Vectorcardiogram 
With the Electrocardiogram.—Vectorcardiography, which promises to improve the 
diagnosis of neonatal right preponderance, is also affected by eccentricity of the 
heart. The practical application of the method is not seriously impaired by it 
because the placement of the electrodes in the cube system specifically attempts 
to correct for it. Eccentricity does make itself felt when the vectorcardiogram 
is compared to the routine electrocardiogram. The vector loops and the electro- 
cardiographic complexes register the same electrical activity. From the vector 
loops it is theoretically possible to reconstruct the complexes of the various leads, 
and vice versa. Moreover, the general correlation between the two is good, 
although in the frontal plane certain discrepancies have been noted. We are 
inclined to believe that eccentricity of the heart, even in adults, is the cause of 
such discrepancies. Some reasons for this opinion may be cited. 

Usually one translates the deflections in the limb leads into frontal heart vec- 
tors by orthogonal projection on the sides of an equilateral Einthoven triangle. 
It is assumed that the triangle is equilateral, that the heart is in its center, and 
that the conduction of the tissues is uniform. The fallacies of these assumptions 
were already appreciated by Einthoven; nevertheless, the ensuing errors, being 
of little importance, were disregarded. These fallacies intrude, however, when 
spatial vector analysis of the electrocardiogram is attempted in patients with 
marked eccentricity, as in the newborn infant. They interfere also in the adult 
when vector loops are correlated with the deflections in the limb leads. It then 
becomes necessary to take the eccentricity of the heart and the skewness of the 
triangle into account. 
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Burger and van Milaan‘® have devised a procedure for correcting the in- 
accuracies of the Einthoven triangle system. Experimentally they determined 
the effects of a given eccentricity on the limb leads. From this data they con- 
structed a triangle on paper which permitted an accurate correlation between the 
deflections in the limb leads and the heart vector. After confirming this experi- 
mentally, Wilson and associates"':” elaborated the method so that it could be 
applied to the construction of a tetrahedral coordinate system for vectorcardi- 
ography. Although modern vectorcardiography seems destined to be based on 
the cube system of Duchosal and Sulzer, the theoretical considerations and find- 
ings of Burger and Wilson retain their practical significance. 

They showed that the triangle which would correct for the eccentricity of the 
mean QRS vector in adults would have the approximate shape shown in Fig. 
3,A. Note that RL, the axis of Lead I, forms an angle with the horizontal. 
If the direction of a given vector is known, then by simple inspection of this 
Burger triangle one can predict the type of deflection recorded in Lead I. This 
is accomplished by orthogonal projection of the vector on the axis of Lead I of 
the Burger triangle. The line PC is drawn from the center of the triangle perpen- 
dicular to RL, the axis of Lead I. All vectors pointing to the left (patient's 
left) of this perpendicular will project positively on the axis of Lead | and produce 
a positive deflection in that lead. Likewise, all vectors pointing to the right will 
give a negative deflection in Lead |. (The reverse process, the derivation of the 
heart vector from the deflections of the limb leads by means of the Burger triangle, 
does not concern us. It involves complex quantitative calculations, such as the 
division of the deflection by the length of the lead axis.) 

Theoretically, Lead | has a horizontal axis, and it should record complexes 
identical in shape with those of any other horizontal lead. Because Lead | is 
not horizontal in an electrical sense, certain differences will appear between 
its deflections and those of a truly horizontal lead. Fig. 3,B shows the axis of 
Lead I, R,L;, taken from the Burger triangle in Fig. 3,A. Superimposed on 
it is R,L., which is the axis of a truly horizontal lead, called Lead A. The re- 
spective perpendiculars are wz and xy. A vector located in the angle wox will 
inscribe a positive deflection in Lead I and a negative deflection in Lead A; 
likewise, a vector in the angle yoz will inscribe a negative deflection in Lead | 
and a positive deflection in Lead A. These may be called the angles of dis- 
crepancy. 

Such discrepancies between Lead I and a horizontal lead have been recorded 
and published (though not recognized) by Grishman and his associates in a series 
of reports on vectorcardiography.*:'' They employed a modification of the 
Duchosal and Sulzer cube system for the registration of the vector loops. One 
of its leads can be considered for our purposes truly horizontal; this is called 
Lead A. An inspection of the article by Scherlis and Grishman (Figs. 3, 7, 9, 
14, and 16)* and the article by Lasser and Grishman (Figs. 6, 8, and 10)" shows 
distinct differences between Lead I and Lead A. The variations are in accord 
with the explanation in the preceding paragraph. This can be ascertained 
by noting in the accompanying frontal vector loops that the parts of the loops 
which correspond to the discrepancies lie in the angles described in Fig. 3,B. 
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This may suffice to demonstrate the practical soundness of the theoretical 
Burger triangle. The findings of Meyer and Herr” furnish additional experi- 
mental evidence that the axis of Lead I is tilted counterclockwise when the elec- 
trical source is located to the left of the center. For clinical use it is, of course, 
unnecessary to correct for the eccentricity of the heart in the interpretation of 
the electrocardiogram or vectorcardiogram. When the two methods are cor- 
related with each other to test their mutual validity, then the correction of eccen- 
tricity is of value. 


A 


Fig. 3.—-A, A triangle which, according to Burger, would correct for the eccentricity of the heart 
as found in the adult. RLF, the Burger triangle; R, right arm electrode; L, left arm electrode; F, left 


leg electrode; C, electrical and geometric center of the triangle; RL, the axis of Lead I; CP, perpendicular 


to RL; MCV, a heart vector which is vertical to the true horizontal and points upward. Note that 
RL forms an angle with the true horizontal and is rotated counterclockwise from it; note also that 
MCB projects positively on RL, so that a positive deflection is inscribed in Lead I 


B shows the location of those vectors which will inscribe a discrepant deflection in Leads I and A; 
the latter is the truly horizontal lead. RL), the axis of Lead I as it is electrically situated in the adult 
triangle; RaL,, the axis of Lead A. This is equivalent to the Lead A of the Grishman modification of 
the Duchosal-Sulzer cube system. wz, The perpendicular to Lead I; ry, the perpendicular to Lead A. 


All vectors lying in the angle wor will project positively on Lead I and negatively on Lead A. All 
vectors lying in the angle yoz will project negatively on Lead I and positively on Lead A. All other 
vectors will give the same type of deflection in both leads. 


SUMMARY AND CONCLUSIONS 


The diagnosis of normal and abnormal right ventricular preponderance in 
the newborn infant needs to be improved. Grant's method of spatial vector 
analysis does not help because the marked eccentricity of the neonatal heart 
prevents its application. This eccentricity was demonstrated by mapping the 
transitional zone on the chest in six normal newborn infants. The center of the 
mean ORS spatial vector was shown to be close to the left shoulder. The effect 
of a given eccentricity on the central terminal and the resultant exaggeration 
of the eccentricity found by the transitional zone method is discussed. 

Eccentricity is the cause of certain discrepancies between the electrocardio- 
gram and the vectorcardiogram. Recourse was made to the triangle of Burger 
to explain such differences, some of which have appeared in the literature. 


_ The authors thank Dr. Linn J. Boyd and Dr. David Scherf for their encouragement and ad- 
vice in this work. 
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THE ROLE OF A SOCIAL AGENCY IN A REHABILITATION 
PROGRAM FOR THE CARDIAC PATIENT 


EDWARD HOCHHAUSER* 


New York, N. Y. 


ILL services and facilities, medical, psychological, social, and economic— 

from diagnosis to placement—affect the ‘‘re-enablement”’ of the patient. 

Dr. Alan Gregg of the Rockefeller Foundation cautioned us that in our ex- 
periment in the rehabilitation of the cardiac patient (started in February, 1948) 
Altro would relive many of the experiences of more than three decades ago. 
In many respects the concepts and attitudes toward heart disease parallel those 
toward tuberculosis in 1913 when our agency was organized. 

We found many comparable areas. The medical profession was concerned 
with diagnosis and treatment almost to the exclusion of the patient as an in- 
dividual, a worker, a member of a family and the community. There was much 
contradictory advice and little in the way of objective tests of work capacity or 
potentials. Because of fear of exacerbation of the disease, many doctors and 
families were discouraging the idea of work for the patient. A patient, who had 
been told that he could work, found resistance on the part of employers. 

The reasons for refusing employment often related to financial liability. 
The insurance company was said to object. The excessive risk would result in 
penalties due to bad experience. It was felt these patients would make undue 
demands on employer-paid life insurance or retirement plans. 

Many years ago, concerned with this same attitude toward employment 
of the tuberculous patient, three of the largest carriers of accident insurance 
were contacted.f 

One replied, ‘As far as I know, no insurance company has expressed any 
attitude either for or against employment of arrested cases of tuberculosis. 
This company has been re-employing tuberculous workers over a period of twenty 
years.” Another said, ‘‘It is safe from a medical viewpoint and philanthropically 

Recently we had the opporiunity of hearing Mr. Hochhauser give an address in which he outlined 
the experiences of the Altro Health and Rehabilitation Services with the arrested case of tuberculosis. 
In the course of his remarks, he made reference to Altro’s extension of their clientele to include a group 
of cardiac patients. This was, in a way, an exploratory venture or an experiment. We were deeply 
interested, and expressed the hope that he might, at an early date, let our readers know how the project 
had developed over its first three years, and he generously consented to do so. We are grateful to him 
for a brief account of this experiment, the philosophy and progress of which may well be a milestone in 


the solution of an ever-increasing medical, social, and economic problem. 
Editor 


Received for publication March 12, 1951. 

*Executive Director, Altro Health and Rehabilitation Services, Inc. 

tHochhauser, E.: Industrial Aspects of the Rehabilitation of the Tuberculous. Transactions of 
the 34th annual meeting of the N.T.A., 1938. 
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wise.”” Only recently J. Dewey Dorsett, General Manager, Association of 
Casualty and Surety Companies, wrote in ‘Performance’ of ‘the outworn 
myth that insurance companies forbid the employment of the physically handi- 
capped.”’ The difficulty in securing employment for cardiac patients is aggra- 
vated by employers’ unwillingness to engage men and women over 40 years of 
age. With heart disease, as with tuberculosis, unemployment is not only an 
economic problem, but in indolence we have the psychological and social factors 
that often result in recurrent or prolonged illness. Financial assistance during 
convalescence and rehabilitation is often essential, but pensions, under any name, 
and no matter how they may be safeguarded, are no substitute for an opportunity 
to work. Pensions that are not part of a scheme of rehabilitation tend to make 
rehabilitation impossible and permanent pensions inevitable. 


In England the Ministry of Labour through its “‘Remploy Limited’’ owns 
and operates some sixty sheltered workshops for the disabled, including the car- 
diac and tuberculous patients. These shops can serve from fifty to 300 persons. 
Their plans call for 140 such workshops by 1954. Private agencies operating 
sheltered workshops receive two-thirds of their deficits in operation up to 80 
pounds sterling per person. 

Apparent indifference on the part of industry gives credence to the claim 
of the handicapped that only under compulsion can they expect employment. 
Returning to a job after successful treatment, or to a readjusted job with a former 
employer, has many advantages for the patient. It pays both, as truly as in 
neglect they both pay. 

Public agencies have accepted the responsibility for vocational training and 
placement where indicated. Private agencies can and often do play an im- 
portant part in assisting the public agencies: referring clients, supplementing and 
interpreting public services, and in influencing state and Federal appropriations 
for these services. 

Vocational guidance, retraining for a more suitable or remunerative job, 
will meet the needs of many clients. For some there is need for an intermediary 
service between illness and vocational guidance or a job. Twenty-five years ago 
Dr. Hubert Guile, then Chief of the Cardiac Service at Bellevue Hospital, urged 
that we accept cardiac patients at our Altro Work Shops. Our scheme of grad- 
uated work activity, with medical and social care and economic assistance for 
the patient and his family, would enable many cardiac patients, prematurely 
condemned to the scrap heap, to enjoy years of useful, productive living. Car- 
diac patients, Dr. Guile told us, present many of the physical and psychological 
problems common to the tuberculous patient. The patient’s fear is as great a 
hazard as his physical limitations, and there are many unwarranted prejudices 
on the part of the patient and his family, as well as the employer, that are common 
to the tuberculous patient. 

One of the deterrents in starting the cardiac project was the fear of fatal 
episodes while at work, and the effect of such an experience on our tuberculous 
patients. Cardiologists whom we consulted stated that the careful medical 
observation provided at Altro would enable us to detect those who were ‘‘going 
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bad”’ and secure medical treatment for them. They also assured us that very 
few deaths occur while at work or could be attributable to a graduated work 
program. 

The Federation of Jewish Philanthropies, before making the financial grant 
we requested, consulted a small group of specialists in cardiovascular diseases 
and in tuberculosis, together with some prominent laymen. Cardiologists who 
knew of Altro’s services had approved of such an experiment. 

Instead of being overwhelmed with suitable applicants, it took more than 
two years before we reached the quota of twenty. Later, this was raised to 
twenty-five, and in August of 1950, when that number was reached, our quota was 
raised to thirty. 

Of the seventy-seven cardiac patients who have been at Altro Work Shops 
since February, 1948, not one has expressed any fear of tuberculosis. Because of 
the often indiscriminate fear, and also as an added protection to the patient, ad- 
mission was limited to cardiac patients found free of clinical tuberculosis, but who 
has been previously exposed as shown by a positive tuberculin test. Within the 
age group accepted we found practically all of the applicants had a positive skin 
reaction. Our only exception, a 19-year-old boy with rheumatic heart was 
terribly disappointed when told that his negative reaction made him ineligible. 
We explained that a BCG inoculation usually results in a positive reaction within 
six weeks. The patient consulted his doctor, who secured the mother’s approval, 
and six weeks after the inoculation with BCG he had a positive reaction. He 
was admitted to Altro and has done exceedingly well. 

Patients between the ages of 18 and 55, physically and/or psychologically not 
ready for work or vocational training, were considered for admission. They 
were accepted if in the opinion of our cardiologist they might, after a reasonable 
time at the workshop, be prepared for placement in carefully selected jobs, for 
self-employment, or vocational training. Those able to work a full day but un- 
able to find a job, or in need of vocational training, were not eligible. 

We admitted patients in classifications II C,D to III C,D, including thirty 
with hypertensive arteriosclerotic heart disease, and twelve with rheumatic or 
congenital heart disease. In our second and third year six patients with auricular 
fibrillation were admitted. The prognosis in the latter group was guarded. 
One died and the other five continue to work but appear to require permanent 
sheltered employment. We had not planned to admit long-term cases during the 
experimental period, although it was our hope that our facilities might be ex- 
panded to include a limited number of such patients. 

The sixth cardiac patient admitted to Altro, a veteran of World War II, 
was classified as IIIC arteriosclerotic heart disease. His first episode was while 
in the Navy, and the second, ten months before admission. The doctor at the 
Veterans Administration Hospital persuaded him to visit Altro, but it took several 
sessions with the social worker to convince the patient, who was taking digitalis 
daily, that he might start on a limited work schedule. The transformation in 
this patient's attitude within a few months prompted one of the doctors at the 
Veterans Administration to say that a miracle had occurred. Our doctor’s 
report states ‘the findings on examination for admission to Altro showed no ob- 
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jective evidence of heart failure. There was expressed intense fear of the likely 
bad cardiac effect that might follow work. After having worked for a short time 
the entire psychic picture changed. Less irritability and greater willingness to 
work without fear of a heart attack was noticed. Work hours were gradually 
increased until six hours were allowed each day. During the course of employ- 
ment no objective signs of heart failure were found. Though the complaints made 
were later considered to be unrelated to heart disease, such a conclusion could 
not have been drawn without this long period of observation. After self-assurance 
had been gained, work capacity developed faster. On discharge the minor 
subjective complaints which previously had caused disability were no longer 
prevalent, and the ability to work was unquestioned.” 

The patient’s comments at the time of graduation are also significant. “‘I 
did not work because the doctor told me not to work. So | came to Altro and 
got back a lot of self-confidence, maybe because | knew we had a nurse and a 
doctor there; but later, after | had been there a while, | found that supervision 
was no longer essential, and | did not want to continue on it. I regained my self- 
confidence knowing that I was able to do something and have the ability to go 
back to work. I wouldn't have been able to do eight hours’ work before.”’ 

Patients are referred by private and public agencies, medical clinics, and 
private physicians. Those requiring medical treatment continue to receive such 
treatment from the clinic, private physician, or hospital referring them. 

As with the tuberculous patient, the work period is divided so that the patient 
on a four-hour work schedule works two hours in the morning and two hours in 
the afternoon. Rest periods are taken either in the roomy and airy indoor lounges 
or on the roof garden. There is a short respite in the midmorning and afternoon 
and those who want milk get it in the cafeteria without charge. Luncheons are 
served at cost. As work hours increase, rest periods decrease until the patient 
is working normal hours. 

Cardiac patients are examined by the staff cardiologist once a week at the 
workshop. Electrocardiograms are taken weekly during the first month and 
then as ordered by the cardiologist. The shop nurse keeps a record of subjective 
complaints as well as pulse rates at various times during the day. A social 
worker interviews the patients at the workshop once a week. Patients of all 
creeds and color are accepted. They come from skilled and unskilled trades, 
white collar jobs, the professions, and, with our young rheumatics, with no 
background of work experience. 

Altro makes and sells washable service apparel to hospitals and industry. 
Patients usually start at the sewing machine, a sedentary job approved for 
cardiac as well as tuberculous patients.. We had one cardiac patient, formerly 
a cutter in the garment industry, who subsequently was transferred to the cutting 
table and later graduated to industry. If a patient wishes to become a skilled 
garment worker he receives more intensive instruction than if the purpose is 
solely physical and psychological rehabilitation. After graduation the patients 
return to school, to their old jobs if suitable, are placed in a new job, or, through 
the State Division of Vocational Rehabilitation, are given vocational training. 
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Patients are paid at a piece rate never less than that paid for comparable 
work in industry. The output is sold competitively at a price not less than that 
charged by industry. When necessary, earnings and/or public assistance are 
subsidized by the Altro Health and Rehabilitation Services, Inc. so that the 
patient and his family are assured the necessary minimum for their requirements. 
Our approach to rehabilitation is on a family basis rather than on an individual 
patient basis. The medical, social, and, where necessary, psychiatric or economic 
care of the patient and his family are essential services. We know that to treat 
the patient and neglect the family is as unsound medically as it is socially. The 
Federation of Jewish Philanthropies provides most of the funds required for 
medical and psychiatric care, as well as for the subsidy. The Greater New York 
Fund assisted for two years. 

The primary limitation of patients referred thus far was their fear of engag- 
ing in any activity. This becomes a major psychological disability.* The 
expressed fear that exertion may result in deterioration of the cardiac condition 
may, in part, be traced to the oversolicitousness of the medical advisors. News- 
papers and radio, by overemphasizing and overpublicizing the acute accidental 
deaths, add to the havoc. 

Though the group observed is small in number, the observations indicate that 
ordinary occupation which does not entail more than usual exertion may not be 
detrimental to the health of the cardiac patient. On the contrary, relief from 
anxiety and return to a normal working existence, including resumption of normal 
social relationships and economic independence, may be of benefit to the course of 
heart disease.T 

Three decades ago tuberculous patients, on discharge from sanatoriums, 
were given a long list of “‘don’ts,”’ but little or nothing in the way of ‘“‘do’s.”’ 
Fearful lest their disease become reactivated, confused with contradictory advice 
by physicians, rejected by friends, employers, and sometimes family, the per- 
centage of readjusted patients was low. 

The cardiac patient today is having many of the same experiences. As our 
cardiologist put it, ‘“The difficulty of the cardiac to find employment is paralleled 
by his fear to accept a job when one is available. The years of invalidism, the 
possible recurrence of a heart seizure, and the oft-repeated advice to avoid exer- 
tion, are a constant source of anxiety and economic insecurity. There is no gen- 
eral agreement as to the ability of the cardiac to work. Following a seizure of 
myocardial infarction, the cardiac is impressed with the ‘don’ts,’ and he gets 
little information of what he can do.” 

There is a calculated risk in serving the cardiac patient. In our limited 
experience there have been deaths, not always with apparent explanation, such 
as the widower who played baseball with his two sons and walked home after the 
game, and the patient whose wife, after a quarrel, hit him over the head with a 
bottle. There were four deaths, none at the workshop. 

As with the tuberculous patient we know of no practical objective test of 
work capacity. After a long stay in the protective atmosphere of a hospital, ‘the 


*Haselkorn, Florence, and Bellak, Leopold: ‘A Multiple-Service Approach to Cardiac Patients." 
tFrom a report by Dr. Abraham Jezer on two years’ experience in cardiac rehabilitation. 
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psychological as well as the physical demands that come with living again in the 
home and in the community, traveling to and from the workshop or job, must 
be considered as well as the physical demands of work. Marital discord often is 
more devastating than work itself. At Altro all the factors receive consideration 
and are evaluated in setting the hours of employment. The careful medical 
supervision by qualified physician and nurse are all of inestimable value, but 
even more important is the observation in the work environment provided 
at Altro. 

The whole physical setup and the operative procedures impress the patient 
and influence those with overwhelming fears, so that they are willing to try it out. 
The New York Heart Association, in its Quarterly (November, 1949), captioned 
its article on our service “Altro, a Clinic in Confidence.’’ Our cardiac experi- 
ment up to date cannot give us a statistical base for conclusions. It is hoped 
that it may give us some objective test for determining work capacity that 
is not based on laboratory tests nor isolated from everyday living. It has helped 
a number of men and women to productive, useful living, probably to longer and 
more satisfying lives. It definitely serves the community by reducing the cost 
of the patients’ medical care and financial assistance. Although most of the 
graduates have found employment, the cardiac patient appears to have even 
more difficulty than the tuberculous patient in securing work. 

Two physicians associated with large industries assured us that their com- 


panies’ policies were typical of those with good employment practices. An 
employee with heart disease may return on a part-time basis, but no new applicant 
with any form of heart disease will be accepted for employment. As one physi- 
cian said, “I know that work is often essential if the patient is to stay well, but it 
is not considered good business to take on a worker with heart disease.”’ 

What is the risk in employing the cardiac patient? If there is a risk, who 
should bear it—the employer, the insurance company, the community, or the pa- 
tient? The community, in a very real sense, bears the cost financially and soci- 
ally if a patient who can work is not permitted to work. The employer, as a large 
taxpayer, is not relieved when he denies any responsibility. A discussion of all 
concerned—with public health and social security represented—might find some 


suitable way of sharing any risk. The returns would be great. 
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Clinical Reports 


HYDROCHLORIDE (PRONESTYL) AND QUINIDINE 


GEORGE E. SCHREINER, M.D., AND RoBErT T. KELLEY, M.D. 


WASHINGTON, D. C. 


as a Clinical guidepost in quinidine therapy. 


tempted to summarize them in Table I. 


ABERRANT VENTRICULAR RHYTHM 


AUTHOR CASES TREATED RHYTHMS 
Levy* 11 3 
Maynard'® 53 1 
Korns? 35 1 
White et 6 
Jezer and Schwartz* If 1 
Wilson et al.' ? 2 
Gouaux and Ashman'? 1 1 


*Including 4 cases auricular flutter. 
tAuricular flutter. 


VENTRICULAR TACHYCARDIA FOLLOWING PROCAINE AMIDI 


T HAS long been known'** that quinidine sulfate exerts, as two of its many 
pharmacologic actions, periphera! blocking of vagal activity, (atropine-like) 
and depression of electrical conduction within the myocardium. This action 
is most marked in the ventricles and frequently produces intraventricular or 
bundle branch block. Indeed, widening of the QRS complex has long been used 


The popular use of quinidine to depress auricular conduction and convert 
auricular fibrillation to regular sinus rhythm has led to the clinical impression 
that aberrant ventricular rhythms due to quinidine are for some reason more 
common in hearts with pre-existing auricular fibrillation. Wilson and associates‘ 
have made the statement that aberrant rhythms occur in one-third to one-half of 
such cases. Scattered reports have appeared in the literature and we have at- 


TABLE I. QUINIDINE THERAPY OF AURICULAR FIBRILLATION. INCIDENCE OF 


ABERRANT VENTRICULAR 


Two series have been collected by the authors. All cases with auricular 


fibrillation, in which conversion with quinidine was attempted, were collected 


From the Medical Service, Veterans Administration Hospital, Washington, D. C. 
Sponsored by the Veterans Administration and published with the approval of the Chief Medical 
Director. The statements and conclusions published by the authors are a result of their own study and 
do not necessarily reflect the opinion or policy of the Veterans Administration. 
Received for publication, October 31, 1951. 
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from the Mt. Alto Veterans Administration Hospital records over a two-year 
period. Of the twenty-one cases of young‘and middle-aged patients, seven 
instances of aberrant ventricular rhythm were discovered. Another series of 
cases of forty-four elderly patients was collected from the Soldiers’ Home.* This 
was a consecutive group with auricular fibrillation in whom conversion was 
attempted with quinidine and strychnine. In the forty-four cases, there were 
two instances of frequent extrasystoles and three of aberrant ventricular rhythm. 
These data are summarized in Table Il. Thus the incidence of aberrant rhythm 
in treated auricular fibrillation is variable but appreciable. 

The complex pharmacologic properties of quinidine have made it almost 
impossible to define the mechanisms involved. These rhythms have been called 
ventricular in origin by Cohn and Levy,°® Levy," Lewis and associates,! Schwartz 
and Jezer,’:* and others; they have been called instances of defective intraventric- 
ular conduction with supraventricular origin of the impulse by Wilson and asso- 
ciates,* White and associates,* Gouaux and Ashman,'’ and Barker and associates." 


TABLE II. AURICULAR FIBRILLATION TREATED WITH QUINIDINE 


ABERRANT 


SERIES CASES VENTRICULAR FREQUENT 
RHYTHMS EXTRASYSTOLES 
Mt. Alto 21 7 1 
Soldiers’ Home . 44 3 2 


Recent pharmacologic data presented by Dutta’ points to at least one 
common site of action of different types of compounds in common use. Atropine, 
pethidine, procaine, and quinidine were all found by this author to possess a 
ganglionic blocking action in the superior cervical ganglion. Intravenous 
procaine has been known occasionally to produce premature ventricular com- 
plexes singly and in runs, both clinically (Schaffer and associates") and in animals 
(Uhley and associates"). 

With these pharmacologic and experimental relationships, it would not 
be surprising to find that the recently introduced procaine derivative, Pronestyl, 
occasionally produces some of the aberrant rhythms already described for procaine 
and quinidine. 

A case is presented in which under controlled observation an aberrant ventric- 
ular rhythm was produced after (1) intravenous Pronestyl without digitaliza- 
tion, (2) intravenous Pronestyl after digitalization and (3) oral quinidine on two 
occasions. Details of therapy are described in the legend of Fig. 1. 

The case is presented in detail because it illustrates a cardiac effect common 
to both Pronestyl and quinidine and is the first known report of such toxicity 
clearly attributable to Pronestyl. Since the patient had pre-existing auricular 
fibrillation, the report recalls earlier controversy concerning the interpretation 
of these aberrant ventricular rhythms. 


*Courtesy of Dr. Lee Miller. . 
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CASE REPORT 


History.—A 31-year-old Negro man complained of chest pain and shortness of breath pro- 
gressing over six months. 

At the age of 22, he had a Type I pneumococcus pneumonia with septicemia. He had twelve 
days of high fever while being treated with gluco-sulfapyridine. Electrocardiograms at that time 
Debility continued for six weeks after discharge. Later he had brief 


showed sinus tachycardia. 
Eight months before ad- 


episodes of knee and shoulder pain, sweating, and flushed sensation. 
Electrocardiograms showed auricular fibrillation. He developed 


mission he developed dyspnea. 
There was a 


increased dyspnea, orthopnea, severe cough, and occasional sharp precordial pain. 
history of gonorrhea and syphilis with positive serology after five courses of therapy. 


Physical Data.—The patient had rapid, labored breathing, and an irregular pulse of 120; 
the blood pressure was 140/100 mm. Hg. The jugular veins were distended. There were musical 
expiratory wheezes throughout, with fine, moist rales at both lung bases. The apex beat was in 
the fifth intercostal space at the anterior axillary line, and was grossly irregular. The pulmonic 
second sound was loud and split, and the mitral first sound was variable. No murmurs were 
audible. Marked leg varicosities with incompetent communicating veins were noted. 

Laboratory Data.—The heart was enlarged in the x-ray picture. The transverse diameter 
was 19.3 cm. (25 per cent above “‘normal’’). The barium-filled esophagus was displaced posteri- 
orly and the right ventricle was prominent in the oblique view. ‘The impression was enlargement 
of all chambers rather than a mitral configuration. Lung markings were increased. 

Electrocardiograms showed auricular fibrillation with frequent extrasystoles similar to the 
control tracing in Fig. 1. 

The venous pressure was 220 mm. of saline. The circulation time was arm to lung, 20 


seconds, arm to tongue, 25 seconds. The vital capacity was 2.6 liters (55 per cent of normal). 


Hospital Course.—The patient was given intravenous Pronestyl as detailed in the legend of 
He had two episodes of numb- 


Fig. 1. The succeeding events are shown in the illustration. 
On the seventeenth hospital day he 


ness and pain in the chest and left arm with ulnar radiation. 
developed suddenly and successively ocular pain, partial blindness, slurred speech, numbness of 
left side, left facial paralysis, paralysis of left arm and hand, hyperhidrosis, and weakness of left 
leg. He was treated immediately with anticoagulants with complete clearing of the neurological 
findings. He progressively improved and returned to work with his employer's cooperation in 
restricting his activity. 

Diagnosis.—1. Heart disease of unknown etiology; enlarged right and left ventricle; conges- 
tive heart failure; auricular fibrillation with frequent ventricular extrasystoles. 2. Cerebral em- 
bolus. 3. Possible pulmonary embolus. 4. Syphilis, treated but with persistent positive 


serology. 5. Varicose veins. 


DISCUSSION 
This case presents many problems. First, is this aberrant rhythm an un- 
equivocal Pronestyl effect? The progressive lengthening of the runs of aberrant 
complexes during mounting intravenous dosage would suggest this, as the aberrant 
rhythm became established after 800 mg. of Pronestyl, (given in 100 mg. fractions). 
Since the form of the complexes in the early runs resembles the pre-existing ven- 
tricular premature contractions from more than one focus, it seems likely that 
these foci were the source. Once established, the aberrant rhythm continued 
uninterrupted for more than five minutes until intravenous digoxin was given, 
after which it reverted to the previous pattern. This normal pattern was re- 
corded intermittently for ninety minutes. The ventricular rate was 100 and 
Repetition of the phenom- 


infrequent ventricular premature systoles were seen. 


al 
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enon the following day after complete digitalization and its recurrence on two 
subsequent occasions under quinidine therapy would strongly suggest a cause 
and effect relationship. 

It might be suggested that this was a sensitivity phenomenon. The lack 
of previous exposure to these agents, the negative skin tests to procaine and 
Pronestyl, and the similar effects noted with quinidine make drug sensitivity 
an unlikely explanation. 

It has been indicated in the literature that many cardiac therapeutic agents 
have paradoxical effects under specific conditions. Depressant drugs may pro- 
duce or aggravate irritable phenomena. Pronestyl has been advocated as a 
successor to quinidine in many arrhythmias. The only toxic reaction em- 
phasized has been its ganglionic blocking effect producing hypotension if given 
rapidly and its tendency to produce sensitivity if given over a long time. 

It seems likely that with increasing clinical experience, paradoxical effects 
like those illustrated will be noted more frequently. If the experience with 
quinidine as presented in Tables I and II is a valid analogy, caution should 
be greatest in the presence of auricular fibrillation. 


SUMMARY 


1. Treatment of auricular fibrillation with quinidine raises the problem 
of aberrant ventricular rhythms which occur with appreciable frequency. 

2. The pharmacologic similarities of procaine, quinidine, and atropine 
are noted. 

3. A case is described in which ventricular tachycardia followed on two 
occasions the administration of Pronestyl or of quinidine. 

4. This is the first known report of ventricular tachycardia following 
Pronestyl. 
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NODAL TACHYCARDIA IN A CASE OF ROCKY 
MOUNTAIN SPOTTED FEVER 


Josepu T. M.D., FRANK ROSENBERG, M.D., 
AND Robert L. WUERTz, M.D. 


BUFFALO, N. Y. 


OCKY Mountain spotted fever is not a common disease, and despite 

name it may occur in any part of the United States. When it occurs in 
an endemic area, it is more easily recognized than the occasional sporadic case. 
In the latter instance, the disease should be suspected when a patient com- 
plains of headache, prostration, chills, fever, and bone pain and when a maculo- 
papular rash appears on the extremities. When these symptoms appear and 
there is a history of tick bite, the diagnosis can usually be confirmed by agglutina- 
tions with Proteus OX19 in a titer of 1:320 or over, and/or complement fixation 
test in a titer of 1:10 or over, or animal inoculation. 

In the untreated cases, the fatality rate is 20 to 25 per cent. Since the ad- 
vent of the new antibiotics Chloromycetin and aureomycin, the disease can 
now be successfully treated. Pincoffs and associates' have reported seventeen 
cases of Rocky Mountain spotted fever successfully treated with Chloromycetin. 
Parker and co-workers’ have also reported on the efficacy of Chloromycetin as a 
chemotherapeutic agent in sixteen cases of Rocky Mountain spotted fever. 
Ross and associates,? Cooke,* and Havens and Stickney! have reported cases 
in which the disease was successfully treated with aureomycin. 

It is the purpose of this article to report a patient with Rocky Mountain 
spotted fever who made an excellent clinical response to Chloromycetin, but in 
whom an intermittent nodal tachycardia was discovered during the course 
of the disease which persisted after clinical recovery. 


CASE REPORT 


D. B., a 21-year-old white man, was admitted to this hospital on July 31, 1951. He had been 
perfectly well until July 28, at which time he noted headache, dizziness, chills and fever, slight 
cough, and a mild rash on the extremities. Five days earlier (July 23), while on maneuvers at 
Fort Dix, N. J., he was bitten by a tick in the region of the left nipple. In removing the tick, 
which had become adherent to the skin, he caused the slight extrusion of a few drops of blood. 

Physical examination on admission revealed an acutely ill white man with flushed facies. 
The temperature was 103.2° F. orally, the pulse 120, the blood pressure 120/80 mm. Hg. The 
patient was prostrated. There was a faint macular rash on the arms, forearms, and legs and a 
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maculopapular rash on the chest and back. At the region of the left nipple there was a small scar, 
caused by the extrusion of the adherent tick. The lungs were clear and resonant. Examination 
of the heart revealed a grossly irregular rapid rhythm, accompanied by a soft systolic murmur. 


The remainder of the physical examination, including neurological examination, was negative, 


Laboratory Work.—The red blood cell count was 4.6 million; the hemoglobin, 13.2 Gm.; sedi- 
mentation rate, 11; hematocrit, 44; the white blood count, 7,100 with a differential consisting of 
16 per cent bands, 52 per cent segmented cells, and 32 per cent lymphocytes. Agglutinations for 
typhoid, paratyphoid, and undulant fever were negative. A cold agglutination test was negative; 
a heterophil antibody test was negative. On July 31 agglutinations for Proteus OX19 were nega- 
tive; on August 9 they were 1:86 and on August 14 1:320. Spinal fluid examination, blood cultures, 
and urinalysis were negative. Blood smears for malarial parasites were negative. A roentgeno- 
gram of the chest on July 30 was negative. An electrocardiogram on the same day revealed a 


sinus rhythm with dominant intermittent nodal tachycardia (Fig. 1). There were no ST or T- 


wave changes indicative of myocardial damage. 


ly 
- + 
| 

| 


Fig. 1.—This tracing, taken during the course of the disease, shows a sinus rhythm with intermittent 
nodal tachycardia. The tracing is normal except for the rhythm. 


Cours in the Hospital.—The diagnosis of Rocky Mountain spotted fever was suspected soon 
after the patient was admitted, and on August 1 he was started on Chloromycetin. He was given 
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1 Gm. initially and 500 mg. every six hours for one week. Within twenty-four hours after initiation 
of Chloromycetin therapy there was noted amelioration of all symptoms. The patient became 
afebrile and continued so during the remainder of the hospital course. Fluoroscopy of the heart 
was normal. Electrocardiograms, however, continued to show sinus rhythm with intermittent 
nodal tachycardia. The patient was discharged on August 17 on a convalescent leave and was 
followed by the authors during his convalescence. He continued to show an intermittent nodal 
tachycardia and was rehospitalized on Aug. 31, 1951. He was started on Pronestyl as a means 
of controlling the nodal tachycardia. 

After Pronestyl was administered for four days in a dosage of 500 mg. every six hours, no 
change was noted in the dominant nodal rhythm, and it was then decided to use quinidine sulfate 
orally. On September 5 the patient was given 0.4 Gm. of quinidine sulfate three times a day. 
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Fig. 2.—This tracing, taken after the administration of quinidine sulfate, shows that exercise and 
stimulation of the right carotid sinus reverted the abnormal rhythm to normal. 


A day later, a repeat electrocardiogram still showed a dominant nodal rhythm. However, after 
exercise it reverted to a sinus rhythm (Fig. 2), but a minute after exercise it returned to a nodal 
rhythm. Right carotid sinus pressure was then applied, and the rhythm reverted to normal sinus 
rhythm. Heretofore, attempts to revert the nodal rhythm to normal sinus rhythm by means of 
exercise and vagal stimulation had been unsuccessful. ' 

The patient. was continued on quinidine sulfate, and repeat electrocardiograms revealed 
normal sinus rhythm. On September 10 the patient was discharged to the Walter Reed General 
Hospital for further disposition. 

Fig. 3 summarizes the important clinical and laboratory data and the temperature response 
to Chloromycetin. 
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COMMENTS 


Little is written about the cardiac complications of Rocky Mountain spotted 
fever, although Harrell,® in his excellent review, mentioned that myocardial 
failure may result from the pathologic process or from overloading the circula- 
tion by intravenous therapy. After a review of the literature, we failed to find 
a cardiac arrhythmia complicating or occurring concomitantly with the disease. 
To our knowledge, this is the first case of Rocky Mountain spotted fever compli- 
cated by an intermittent nodal tachycardia. In their textbooks, both Katz? 
and Friedberg® stated that persistent nodal rhythm is an abnormality indicative 
of myocardial damage. It may occur in acute infections or in a strategically 
located small lesion. The exact mechanism of a nodal rhythm is little under- 


stood. Whatever the mechanism, the sinus node is apparently depressed, and 
Hospital Day Firet Week 2nd srd 4th 5th 6th 
103 Temperature (Oral) 
102} 
101 
100 
99} 
( Temp, Normal) 
98} 
RBC 4.6 mill, RBC 4.5 mill, 
Hgb 13,2 gm Hgb 12.8 gm 
WBC 7100 WBO 12000 
Bands 16 Bands 9 
Segs 52 Sege 61 
Lymphe 32 Lymphe 21 
Sed, Rate 11 Sed. Rate 5 
Hematocrit 44 Hematocrit 46 
Ox-1¢ 
Titerg Neg. 1:80 13320 1:320 1:320 1:320 
CHLORAMPHENICOL € > 500 mgm every 6 hours 


Hospital Day First Week Week Week Week week Week 


Fig. 3..-Summary of clinical and laboratory data and response to chloramphenicol. 


the next specialized tissue to assume the duties of a pacemaker is the atrioven- 
tricular node. In this case, electrocardiograms revealed an occasional sinus 
beat, followed by a period of apparent asystole, with the pacemaker shifted to 
the atrioventricular node. Once it reached the atrioventricular node, it occa- 
sionally migrated within from the upper to the middle to the lower parts of the 
node. A careful study of the electrocardiogram in Fig. 4, Lead II, shows the 
first labeled P wave after a sinus beat, occurring 0.12 second before the QRS, 
indicating that the pacemaker is in the upper part of the atrioventricular node. 
The next complex shows that there is no P wave, indicating that the pacemaker 
is probably in the middle of the node, discharging to the sinus and the ventricle 


= 


= 


75 


D FEVER 


MO] 
‘apou 


NODAL TACHYCARDIA AND ROCKY MT. SPOTTE 


T AL. 


AQUILINA E 


— 

| 

: 
d 

| 


760 \MERICAN HEART JOURNAL 


simultaneously. In the third period we see the P wave following the QRS 
complex, indicating that the pacemaker is in the lower part of the node, having 
discharged the ventricle first. 

The lesions of Rocky Mountain spotted fever in the myocardium, when 
they occur, are usually small areas of interstitial infiltrations, with some inflam- 
matory reaction, usually related to the smallest arterioles or to the capillaries. 
It is difficult to say in the case we are presenting whether lesions typical of 
Rocky Mountain spotted fever occurred near the sinus node, or whether the sinus 
node was depressed through a vagal effect from the acute inflammatory process. 
It is our feeling, however, that the disease was instrumental in producing this 
abnormal rhythm. 

SUMMARY AND CONCLUSIONS 


1. <A patient with Rocky Mountain spotted fever with intermittent nodal 
tachycardia is presented. 

2. <A diagnosis of Rocky Mountain spotted fever was established by the 
clinical course of the disease. This included a history of tick bite, a maculo- 
papular rash, and a rising titer of agglutinations for Proteus OX19. 

3. The patient made a dramatic clinical response to Chloromycetin, be- 
coming afebrile within twenty-four hours after initiation of therapy. 

4. A dominant intermittent nodal rhythm accompanied the disease and 
was present long after clinical recovery. 

5. The abnormal rhythm was finally abolished, and a normal sinus rhythm 


was obtained with quinidine sulfate. 
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CONGENITAL TRICUSPID ATRESIA 


R. MAXWELL ANDERSON, M.D.,* AND Epwarpb E. McKEE, M.D.** 


CHARLESTON, S. C. 


EVERAL recent reports'? have confirmed the rarity of the lesion and the 
brevity of life in congenital tricuspid atresia. Taussig* stated that ‘‘most 
infants die before one year of age.’’ The oldest case appears to be that of a 
5-year-old child reported by Kiihne.‘ The following case is added to the literature 
since the patient lived to an older age than any previously reported patient. 
It is interesting that her supposedly identical twin had no congenital anomalies. 


CASE REPORT 


W. P., a 6-year-old white girl, was admitted to Roper Hospital on Nov. 6, 1950, because of 
convulsions. The child was one of twin girls delivered uneventfully and considered normal at 
birth. At 5 months of age cyancsis was first observed, and it was recognized that the patient had 
a heart murmur. Intermittent cyanosis had been present since, but general health was compar- 
able to that of the normal twin except for retarded physical development evident mostly during 
the past year. Until that time, the twins were identical in all physical features, and cyanosis was 
the main helpful distinguishing characteristic. 

Ten days prior to admission, the patient was found lying on the floor in an extremely cyanotic 
and exhausted state. She was treated with oxygen and penicillin and responded promptly but 
two days later had a generalized convulsive seizure leaving her again in the clinical state previously 
described. Nausea and vomiting and a third convulsion followed, and the patient was transferred 
to Roper Hospital. 

Physical examination revealed a small but well-developed and well-nourished white girl who 
was lethargic but cooperative. ‘Temperature was 100° F. There was moderate cyanosis of the 
mucous membranes and skin, and there was clubbing of the nail beds. The chest was clear. The 
heart was enlarged with the point of maximum apical intensity in the fifth intercostal space 
just outside the left mid-clavicular line. There was a loud, harsh Grade 3 systolic murmur heard 
over the entire precordium which was transmitted to the back and heard loudest in the third inter- 
costal space to the left of the sternum. No thrills were palpable. There were no other murmurs. 
The liver edge was palpable 2 cm. below the right ccstal margin. 

An electrocardicgram revealed left axis deviation with left heart strain in a horizontal heart. 
The hemoglobin was 18 Gm., and the red blood count was 7 million. The white blood count was 
17,500 with 87 per cent polymorphonuclear cells. Fluoroscopy of the heart revealed no definite 
chamber enlargement but a prominent pulmonary conus. 

The clinical impression was that this patient had a variant of the tetralogy of Fallot with prob- 
able tricuspid stenosis and underdevelopment of the right ventricle. It was felt that the con- 
vulsions were due to small cerebral thromboses secondary to hemoconcentration and cerebral 
anoxia. With cardiac surgery contemplated, catheterization of the right side of the heart was 
attempted on Nov. 8, 1950, after the patient had been placed on prophylactic penicillin at the time 
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Fig. 1.—Persistent ostium primum (viewed from right auricle). 


Fig. 2.—Hypoplasia of right ventricle and interventricular septal defect. 
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of admission. The catheter could be passed only a few centimeters into the antecubital vein of 
the left arm, and the procedure was discontinued because of extreme spasm of the veins. Peni- 
cillin was stopped the next day, and the temperature rose to 101.6° F. The patient remained 
lethargic and ancrexic, and penicillin was restarted. On Nov. 15, 1950, a blood culture was re- 
ported as growing nonhemolytic streptococci. It was now felt that the patient had subacute 
bacterial endocarditis. On Nov. 18, 1950, the temperature rose to 106° F., accompanied by a 
generalized convulsive seizure. Papilledema was observed for the first time. Respirations ceased, 
but life was maintained by means of a respirator with electrocardiograms showing normal sinus 
rhythm for some ten hours before cardiac action ceased. 

At time of death, it was felt that vegetations in the heart had thrown off septic emboli to the 
brain with development of a brain abscess. 


Fig. 3.—Interventricular septal defect (viewed from left ventricle). 


Autopsy findings revealed a large brain abscess in the frontoparietal region, atresia of the 
tricuspid valve, but no evidence of subacute bacterial endocarditis. Culture from the brain 
abscess showed Pseudomonas aeruginosa. The heart weighed 100 grams and showed smooth, 
glistening endocardial surfaces. There was an interauricular septal defect, apparently ostium 
primum, which measured 1 by 0.6 cm. (Fig. 1). There was no direct communication between the 
right auricle and the right ventricle. The right ventricle was a roughly tubular shaped chamber 
4 cm. in length and 1.2 cm. in diameter (Fig. 2). Its wall varied from 0.1 to 0.2 cm. in thickness. 
The circumference of the pulmonary valve measured 3.5 cm. ‘The left ventricle measured 5 by 2 
cm., and the myocardium was 0.8 cm. in thickness. The aortic valve ring was 3.5 cm. in circum- 
ference. Just inferior to the aortic ring there was a slitlike opening in the interventricular septum 
1 cm. in length and less than 0.2 cm. in greatest width which communicated with the right ven- 
tricle (Fig. 3). Except for the absence of the tricuspid valve, no valvular defects were noted. 
The intima of the pulmonary artery and aorta showed surface dimpling at the level of the ductus 
arteriosus, but this structure had been obliterated and closed. 
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COARCTATION OF THE AORTA COMPLICATED BY DISSECTING 
ANEURYSM IN PREGNANCY: REPORT OF A CASE WITH 
SURVIVAL, STUDIED BY ARTERIOGRAPHY 


RoBerT H. FurMAN, M.D.,* J. ALLEN KENNEDY, M.D., AND 
ROLLIN A. DANIEL, Jr., M.D. 


NASHVILLE, TENN. 


i heen combination of pregnancy and coarctation of the aorta, while unusual, 
can hardly be considered rare. To date there are reports in the literature 
of forty-three such cases.'’° It is of interest to note, however, that the situa- 
tion was complicated by dissecting aneurysm of the aorta in only four of these 
cases.?5-!") In only one was the diagnosis made ante mortem, and none lived 
more than a few days after dissection had occurred. 
We are therefore prompted to make this report of a young white woman, 
28 years old, now living, who had coarctation of the aorta and who developed 
dissecting aneurysm of the aorta and subclavian artery in close association 
with pregnancy early in 1950, approximately nineteen months prior to this report. 
The relation between pregnancy and dissecting aneurysm of the aorta and the 
possible relation between dissection and retrograde angiocardiograms, which 
were made in this case, are the two most important features of this report. 


CASE REPORT 


There was a history of migratory polyarthritis and frequent epistaxes in childhood. Slight 
exertional dyspnea and ankle edema had been noted since that time. The family history was not 
pertinent. In 1943, at the age of 20 years, she developed a severe toxemia of pregnancy with 
hypertension (systolic pressure of 200 mm. Hg), dyspnea, edema, albuminuria, and hematuria, 
which terminated in the delivery of a full-term viable infant. In 1945, at the age of 22 years, she 
was admitted to the hospital for the first time for nephrolithotomy because of bilateral renal calculi. 
At that time the blood pressure was 150/90 mm. Hg. There were noted a loud, blowing, pre- 
cordial systolic murmur, maximum at the apex, and a faint diastolic murmur along the left sternal 
border. The heart was not enlarged. Following lithotomy, she did well until about six months 
prior to the second admission on Feb. 20, 1950, at which time she entered the hospital because of 
dizziness and scotomas associated with sudden movement of the head, blurring of vision, increasing 
fatigue, and moderate dyspnea. She was two and one-half months pregnant. Examination re- 
vealed a blood pressure of 144/76 mm. Hg in the right arm and 160/84 mm. Hg in the left. The 
blood pressure was variable and was noted as high as 165/100 mm. Hg. No pulsations were noted 
anywhere below the level of the diaphragm. Radial and brachial pulsations were normal. Pulsa- 
tions were noted along the lower rib margins posteriorly and along the vertebral margins of the 
scapulae. The optic fundi showed arteriolar tortuosity. The lungs were clear. Chest roent- 
genograms revealed the heart to be at the upper limits of normal, with a hypertensive configura- 
tion and notching of the ribs. A Grade 3 basilar systolic murmur, loudest over the aortic area, 
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unassociated with a thrill, was noted which extended into the base of the neck and interscapular 
area. No diastolic murmur was heard. The mitral first sound was not remarkable. Laboratory 
studies revealed normal values. There was no urinary abnormality. 

On Feb. 21, 1950, retrograde arterial injection of 50 c.c. of 70 per cent Diodrast was performed 
via the left common carotid artery. Eight x-ray films were taken at one-second intervals with the 
patient in the left anterior oblique position. The coarctation was visualized clearly with only a 
small amount of dve, sufficient to cast a faint shadow, distal to the site of coarctation. The in- 
volved segment of the aorta was relatively short with a sharply defined indentation suggesting a 
diaphragmatic type of obstruction. A well-developed collateral circulation was easily seen. 
Further comment regarding these films will be made later. The patient seemed to suffer relatively 
little discomfort following this procedure, and the pain which was noted in and about the neck 
was not inconsistent with the nature of the procedure. 

A cervical dilatation and curettage was performed March 4, 1950. 

On March 10, 1950 thoracotomy was performed. The area of coarctation was short and lay 
just distal to the origin of the left subclavian artery. The aorta below the site of coarctation ap- 
peared normal. Above, the vessel was markedly stlerotic, and calcified yellow plaques were easily 
visible within the vessel wall. . Areas of dark blue discoloration were noted at various points, 
The region of the ligamentum was densely scarred. It was deemed unwise to attempt an end- 
to-end anastomosis. The first portion of the left subclavian artery was quite rigid and sclerotic, 
but the more distal portions appeared more nearly normal. The subclavian artery was divided 
and the distal end ligated. When an attempt was made to swing the proximal segment around 
to the aorta, it was found to be too rigid to be turned sufficiently to effect an anastomosis. In- 
spection of the cut end of the subclavian artery revealed that the intima had been dissected away 
from the media over one-half the circumference of the vessel; the space between the intima and 
media was occupied by a thrombus which appeared three or four weeks old. Unfortunately, no 
specimen was obtained for microscopic study. At this point the subclavian artery was ligated, 
and the procedure was terminated. The postoperative course was uneventful, and the patient 
was discharged on March 21, 1950. Electrocardiograms made during hospitalization were within 
normal limits. 

Since discharge, the patient has done light housework with little or no distress. More than 
slight exertion produces precordial discomfort. Headaches have not returned. There is no 
evidence of cardiac failure. The blood pressure in the right arm eleven months after operation 
was 220/110 mm. Hg. The electrocardiographic pattern and the character of the murmur have 
not changed. 


COMMENT 


A review by Schnitker and Baver' of 141 reported cases of dissecting aneu- 
rysm in persons under 40 years of age revealed that one-half of the forty-nine 
women in the group were pregnant at the time dissection occurred. Dissection 
was definitely not related to the strain of labor, since in twenty of the twenty- 
four women the dissection was diagnosed well in advance of labor. Mention is 
made of the possible relation between medial changes, vascular dissection, and 
changes in lipid metabolism during pregnancy. It is of interest to note that 
one-third of the cases reviewed were complicated by distinct narrowing or actual 
coarctation of the aorta. 

The patient described in the present report represents the fifth case of dis- 
secting aneurysm in forty-four reported cases of coarctation of the aorta in preg” 
nancy. Seven of the forty-four subjects died during pregnancy; four of the seven 
were women who developed dissecting aneurysm. While these represent only a 
small series, it is difficult to escape the conclusion that pregnancy increases the 
likelihood of death from aortic dissection, particularly in the presence of coarcta- 
tion. The studies of Reifenstein and associates* indicate that aortic dissection is 
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responsible for only 18 per cent of the deaths in patients with coarctation, regard- 
less of age or sex. 

At this point it should be pointed out that the term ‘‘dissection of the aorta’’ 
is used advisedly. In Reifenstein’s review of 104 autopsied cases of coarctation, 
attention is called to the paucity of adequate microscopic studies of the aorta, 
especially of the ascending portion. Medial thinning with necrosis or hyaline 
degeneration, fibrosis, decrease and fragmentation of elastic fibers, basophilic 
appearance, and cystic changes are all described. It is unlikely that Erdhein’s 
necrosis (medionecrosis cystica) was the common or typical lesion found in these 
dissected aortas. On the other hand, there is a deficiency of the media when 
coarctation is present, and cystic medial necrosis, whenever present and what- 
ever its cause, is found predominantly in the ascending aorta, the commonest 
site for rupture or ‘‘dissection’’ to occur in coarctation. Atherosclerosis is often 
minimal or least marked in this region. Schnitker and Bayer's review of aortic 
dissection in patients under 40 years indicates that Erdhein’s necrosis, or medio- 
necrosis cystica, is the primary fault underlying dissecting aneurysm of the aorta 
per se. 


Fig. 1.—Retrograde aortogram taken approximately one second after the dye injection was begun. 
The site of coarctation is easily visualized. See text for further comment. 


The retrograde arteriograms are worthy of special comment. The one- 
second film (Fig. 1) shows a high concentration of dye in the left common carotid 
artery between the needle and aortic arch. There was little or no retrograde 
filling of the aorta proximal to the site of origin of the left common carotid 
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Fig. 2.—-Two-second aortogram showing further aortic and subclavian filling and opacification 
of the internal mammary artery. The previously smooth filling of the proximal subclavian artery is 
replaced by an irregular pattern, suggesting turbulence in this area. 


Fig. 3.—Three-second aortogram. The carotid shadow is now fainter, indicating that the dye injection 
has been completed. The turbulent area in the subclavian artery is even more apparent. 
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artery. The aortic arch between this site and the coarctation is easily visualized 
on this film, although the contrast is not as marked at this time as in later films. 
Some dye is faintly visualized distal to the coarctation. The first portion of the 
left subclavian artery and part of the mid-portion have also been partially 
opacified by dye. Its S-shaped curvature is smooth, and there is no interruption 
of the continuity of the vessel wall save for the origin of a small vessel on the 
superomedial aspect. The two-second film (Fig. 2) shows about the same 
opacification of the common carotid artery with further retrograde filling of the 
aorta. The arch proximal to the coarctation is now more completely opacified, 
and the more distant subclavian artery and several branches are now clearly seen. 


Fig. 4.—Four-second aortogram. The distal subclavian artery has now begun to fade. The tur- 
bulent area is virtually free of contrast material, and a rather sharply demarcated dye pattern in this 
vessel is seen in this and subsequent films. 


In addition, a large internal mammary artery is visualized. However, there is 
seen now in the superior curve of the subclavian artery a gross disruption of the 
previously uniform pattern, suggesting great turbulence in this area. In the 
three-second film (Fig. 3) less dye is seen in the carotid artery, indicating that 
between the two- and three-second films the Diodrast injection had been com- 
pleted. The subclavian artery is more opacified, and the turbulent or disrupted 
area is more readily apparent. The internal mammary artery is also more opaque. 
In the four-second film (Fig. 4) the portion of the subclavian artery distal to the 
mid-portion of its superior curve has begun to fade; the collateral arteries arising 
from the subclavian artery-are now visible in a greater extent. However, the 
area of turbulence is relatively free of contrast material, and the first or ascending 
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portion of the subclavian artery, well opacified, is seen to be rather sharply 
demarcated in a pattern consistently repeated in the remaining films. In the 
five-second film (Fig. 5) the carotid artery is less opaque, and tortuous intercostal 
arteries are seen. The previously mentioned segment of the aortic arch and the 
first portion of the subclavian artery remain almost precisely as before. It is 
of great interest to note that while the dye disappeared from the remaining 
vessels, with the exception of the internal mammary artery, which takes origin 
ftom the first portion of the aortic arch, the pattern first noted in the four-second 
film persisted throughout the remainder of the films. This segment of arch and 
the first portion of subclavian artery are only slightly, although definitely, less 
opaque at eight seconds than at four seconds, indicating that outflow of dye from 
this region is remarkably slow. The persistence of dye in the internal mammary 
artery, with decreasing concentration visible on close inspection of the five- 
and eight-second films (Figs. 5 and 6), indicates that dye left this region primarily 
via the internal mammary artery, and suggests that partial obstruction to out- 
flow of dye from first to second, or mid-portion, of the subclavian artery developed 
between the one-second and four-second films, since the first three arteriograms 
show good concentration of dye in this vessel, and the one-second film suggests 
no impediment to flow. 

This interpretation of these arteriograms will undoubtedly be questioned by 
some. Turbulence, lamellar flow, and axial streaming may serve to produce 
effects of an otherwise inexplicable and unpredictable nature. Nevertheless, 
it is rather difficult to escape the conclusion that blood flow along the first portion 
of the subclavian artery was or became partially obstructed. The nature of such 
obstruction, if indeed present, is not apparent from the roentgenograms. The 
possibility exists that an intimal tear developed, in association with the subintimal 
dissection, which ballooned out and partially obstructed the lumen of the sub- 
clavian vessel. The smooth appearance of the subclavian artery on the one- 
second film suggests that such tearing and subsequent ballooning may have oc- 
curred between this and subsequent films. If such is the case, then either the 
incision in the carotid artery or the rapid injection of 50 c.c. of dye into diseased 
vessels already subjected to abnormally high pressures or both may have sufficed 
to produce intimal tearing and/or intramural dissection. The importance of 
these considerations will be realized if they give us pause when considering pro- 
cedures requiring the interruption of the integrity of a vessel wall of the caliber 
and importance of the carotid artery or the rapid injection of relatively large 
volumes of materials against a high head of pressure in a diseased vascular 


system. 
SUMMARY AND CONCLUSIONS 


This is the first report of a case of coarctation of the aorta in pregnancy, 
complicated by dissecting aneurysm, in which the patient is living and relatively 
symptom free more than one year following diagnosis and exploratory thoracot- 
omy. 

When death due to cardiovascular complications occurs during pregnancy or 
shortly after delivery in women with coarctation, the commonest cause of death 


FURMAN ET AL.: PREGNANCY AND COARCTATION OF AORTA 771 


Fig. 5.—Five-second aortogram. The first portion of the aortic arch and subclavian artery 
are about as before. The dye pattern in the subclavian artery remains as before. 


Fig. 6.—Eight-second aortogram. The dye pattern in the subclavian artery is the same 
as before. The proximal subclavian artery and aortic arch remain well opacified 
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is dissection of the aorta. An earlier review is cited which indicates that preg- 
nancy may predispose to aortic dissection, particularly in the presence of a con- 
genital anomaly of the aorta. 

Retrograde angiograms are presented and discussed. The question is raised 
as to whether the retrograde injection of contrast material in this instance might 
have produced intimal tearing with dissection, and a note of caution is sounded 
regarding this method of study in such cases. 
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COMPLETE DEXTROPOSITION OF THE AORTA, PULMONARY 
STENOSIS, INTERVENTRICULAR SEPTAL DEFECT, 
AND PATENT FORAMEN OVALE 


K. Braun, M.D., A. pE Vries, M.D., D. S. FEINGOLD, B.Sc., 
N. E. EHRENFELD, M.D., J. FELDMAN, M.D., 
AND S. Scuorr, M.D. 


JERUSALEM, ISRAEL 


HE following case represents an unusual congenital malformation of the 
heart. Since it has been possible to correlate the clinical and physiologic 
findings with the autopsy findings, the case is reported in detail. 


CASE REPORT 


R.B., a 19-year-old man, was admitted to the Medical Department B on Nov. 14, 1950, 
because of congenital heart disease and congestive heart failure. A heart lesion had been diag- 
nosed at birth. From an early age he tired very easily, was unable to run as other children, and 
had a bluish color of the face and extremities. He frequently experienced spells of dizziness. 
In childhood the patient had measles and repeated attacks of tonsillitis. Seven years before the 
present admission he had rheumatic fever. 

The patient attended school until the autumn of 1949 when he was found unconscious. At 
that time swelling of the ankles was noted and the liver was found to be enlarged. After treatment 
in a hospital the edema disappeared, but when he returned home the edema recurred and he was 
rehospitalized. Following frequent mercurial injections he again improved and this treatment 
was continued at home up to the present. During the last year he was bedridden most of the time 
because of heart failure. 

On admission the patient was in a bad nutritional state. The facies was mongoloid and the 
skin had a bluish-red tint and there was marked cyanosis of the lips and the upper and lower 
extremities. The cyanosis was equally distributed. Rapid venous pulsations were visible on both 
sides of the neck. 

The chest wall on the left side appeared more prominent than on the right. Breath sounds 
and vocal fremitus were normal over both lungs. The pulse was regular, equal, of small volume, 
and the rate was 84. The blood pressure was 110/70 mm. Hg in both arms. ‘The apex beat was 
felt in the sixth intercostal space in the midaxillary line; a systolic thrill was felt over the whole 
precordium with maximum intensity in the second left intercostal space. On percussion the right 
heart border was found 1 cm. to the right of the sternum, the upper border was in the third inter- 
costal space, and the left border was in the midaxillary line of the sixth intercostal space. The 
heart sounds were clear; splitting of the first sound was heard; the second aortic sound and the 
pulmonary sound were of the same intensity. A systolic murmur was heard over the entire pre- 
cordium with the maximum intensity over the second left intercostal space. 

The abdomen was symmetrical. Shifting dullness was present. The liver was palpable in 
the mid-sternal line 5 cm. below the costal margin and was pulsating. The spleen was not palpable. 

Both knee and ankle joints were moderately swollen. There was marked clubbing of fingers 
and toes. Bilateral ankle edema was present. Pulsations of the dorsalis pedis artery were felt 
on both sides. 
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The red cell count was 7,390,000 per c.mm; the hemoglobin was 22.8 Gm. per cent; hematocrit 
74. The urine showed 1 per cent albumin. The blood urea was 60 mg. per cent. 


X-ray Examination.—In the posteroanterior position (Fig. 1), the heart was enlarged in all 
directions; the shadow of the aorta was slightly enlarged, especially to the right. The pulmonary 
segment showed a slight concavity. The third arch of the left heart border was prominent. The 
barium-filled esophagus showed a displacement to the left at the level of the aortic arch. There 
were decreased hilar and pulmonary markings with abnormally clear lung fields. In the right 
anterior oblique position the retrosternal space was obliterated, and there was a slight overlapping 
of the posterior heart border over the spine. The barium-filled esophagus did not deviate in its 
lower third. In the left anterior oblique position the heart was markedly enlarged anteriorly and 


posteriorly. 


Fig. 1.—-For description, see text. 


X-ray Resume’.—Congenital heart disease; enlargement of the heart, especially of the right 
ventricle and the right atrium; right aortic arch; and decreased pulmonary vascular markings. 


The electrocardiogram (Fig. 2,A) showed a regular sinus rhythm, notched and peaked P 
waves, and a P-R interval of 0.26 second. ‘The QRS was broadened (0.12 second) and slurred 


with a marked S wave in Lead I and a prominent R in Lead III. The T wave in Lead I was 
upright and in Lead III it was inverted. The precordial leads showed a tall R and an inverted 
T in Lead V, and a deep S in Lead V;. This electrocardiogram was interpreted as indicating 


atrial hypertrophy, delayed atrioventricular conduction, and right ventricular hypertrophy. 
Venous pulse tracings from the liver showed atrial waves of high amplitude; a simultaneously 
recorded phonocardiogram of the apex region demonstrated a prolonged systolic murmur (Fig. 2,B). 


Physiological Studies.—The results of the right heart catheterization are summarized in 
Table I. The results of the exercise tests are summarized in Tables II and ITI. 


A, 
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Fig. 2.—A, Standard limb leads showing the pattern of right ventricular hypertrophy. 3B, The 
liver sphygmogram and simultaneously recorded phonocardiogram show presystolic venous pulse and 
prolonged systolic murmur. C, Run of ventricular tachycardia during catheterization. 
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TaBLe |. CARDIAC CATHETERIZATION DATA 


LOCALIZATION O1 PRESSURE CM. OXYGEN CONTENT | REMARKS 
CATHETER TIP SALINE* Yt 
Peripheral vein 4.9 
Sup. vena cava 18.5 a 
Right atriumt 16.0, 18.5 10.8, 11.0 
Right ventricle 55.0 11.1 | Ventricular pulsations 
in the manometer 
| Ventricular 
tachycardia$ 
Right or left ventricle 45.0 is 
Arterial 02 content (brachial artery ) 15.6 vol. 44 
Arterial 02 capacity 29.2 vol. % 
Arterial 02 saturation 53.5% 


*Pressure was measured with a saline manometer; the auricular level was estimated 5 cm. below 
the sternocostal junction of the fourth rib. 


+The oxygen content was determined by the method of Van Slyke and Neill.® 
tThe two values were obtained at different localizations of the catheter tip. 


§A run of ventricular tachycardia (Fig. 2, C) developed when the catheter was in the right ventricle. 
Normal rhythm was re-established after changing of the position of the catheter tip. 


It could not be decided with certainty whether the catheter was still in the right ventricle or had 
passed into the left through a septal defect. 


“The aterial sample was taken the day before the cardiac catheterization. 


TABLE II. BLoop OxyGEN CONTENT AT REST AND AFTER EXERCISE* 


BEFORE EXERCISE AFTER EXERCISE 
(voL. %) (voL. %) 
Arterial blood 15.6 11.5 
Venous blood (peripheral) 2.6 oon 


*Because of the inability of the patient to perform a step test he was made to change his position 
from supine to prone fifteen times during a period of two minutes. 


TABLE III. OxyGEN CONSUMPTION PER LITER OF VENTILATION 
AT REST AND DuRING EXERCISE*T 


AT REST DURING EXERCISE 


22 ml. 02 per L. vent. 8.6 ml. 02 per L. vent. 


*The patient, in supine position, performed cycling movements with the legs against manually 
applied resistance. 


(These measurements were obtained with a Benedict Roth respirometer provided with an auto- 
matic ventilation recorder 
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The preceding data demonstrate that exercise caused a marked drop in arterial oxygen content 
and a very pronounced decrease in the oxygen consumption per liter of ventilation. 

Additional lung function studies are reported in Table IV. They show a marked reduction 
in the vital capacity and the maximum breathing capacity. 


TABLE IV. LuNG FUNCTION STUDIES 


Tidal air 468 ml. 
Reserve air 330 ml. 
Complementary air 1390 ml. 
Vital capacity 1900 ml. 
Maximum breathing capacity 50.1 L./min. 


Interpretation of Physical and Laboratory Findings.—In the interpretation 
of the hemodynamics the authors were led mainly by the results of the cardiac 
catheterization. The much higher oxygen content of the right atrial blood as 
compared with the blood from the superior vena cava indicates an admixture of 
arterial blood in the right atrium. The absence of a systolic venous pulse in the 
liver sphygmogram makes it probable that the admixture of arterial blood in the 
right atrium originated mainly from the left atrium and that it was not due to 
regurgitation from the right ventricle through a severely insufficient tricuspid 
valve. In the right ventricle the oxygen content was almost the same as in the 
right atrium. The higher oxygen content of 12.5 volume per cent which was 
found when the catheter was passed farther down and to the left can be explained 
in two different ways. Either the catheter had approached a ventricular septal 
defect but still remained in the right ventricle, or the catheter had passed through 
such a defect into the left ventricle. The elevated right atrial pressures of 16 
and 18 cm. saline may be explained by the congestive heart failure, or a tricuspid 
stenosis, or by increased filling of the right atrium by blood coming from the left 
atrium. Each one of these three mechanisms could be responsible for the pre- 
systolic liver pulse. The elevated right ventricular pressure may have been due 
to several causes or a combination of them: (a) congestive failure, (b) over- 
riding of the aorta, (c) pulmonary stenosis. The x-ray finding of clear lung fields 
in the presence of congestive heart failure is consistent with pulmonary stenosis. 
Additional support for the latter assumption was obtained from the exercise 
test which showed an extreme decrease of the oxygen consumption per liter of 
ventilation during exercise (Table II). Also the arterial oxygen content dropped 
markedly after exercise which indicated an increase in the right to left shunt, 
a finding characteristic of pulmonary stenosis with septal defect. A right aortic 
arch was diagnosed because of the indentation of the esophagus on the right side. 

On the basis of these findings the presumptive diagnosis was made of a con- 
genital malformation of the heart consisting of an interatrial septal defect, pul- 
monary stenosis, and right aortic arch. The existence of an interventricular 
septal defect, an overriding aorta, and tricuspid stenosis was considered. 

Course in Hospital.—The congestive heart failure gradually increased and failed to respond 
to digitalis and mercurial diuretics. Two weeks after the patient's admission a massive hemor- 
rhage from the lungs occurred and caused the death of the patient, 
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Post-mortem Examination.—A summary of the pertinent anatomic findings was as follows: 
Complete dextroposition of the aorta; stenosis of the pulmonary artery and a displacement of this 
vessel toward the left; interventricular septal defect of the membranaceous portion; obliquely 
patent foramen ovale; stenosis and insufficiency of the mitral and tricuspid valves with acute and 
healed verrucous valvulitis of tricuspid, mitral, and aortic valves; dilatation of all cardiac chambers 
and hypertrophy of right atrial and right and left ventricular walls; bilateral widespread hemor- 
rhages of both lungs; and marked chronic passive congestion of the liver with central necrosis and 


periportal fibrosis. 


Measurements (circumferential): Tricuspid valve, 9.5 cm.; pulmonary valve, 3.3 cm.; 
mitral valve, 7.2 cm.; aortic valve, 7.0 cm.; right ventricular wall at origin of aorta, 0.9 cm., and 
at apex, 0.9 cm.; left ventricular wall at level of mitral valve, 0.9 cm., and at apex, 0.9 cm.; right 
and left atrial walls, 0.1 to 0.2 cm.; interventricular septal defect 1.7 cm. anteroposteriorly and 


1.2 em. caudocephalad. 


Fig. 3.—Photograph of autopsy specimen. 


At the time of autopsy the heart was found to be markedly enlarged. The right atrium 
and auricle together were as large as both ventricles and the former occupied approximately 
four-fifths of the presenting surface. The axis of the heart was transverse and slightly rotated 
posteriorly. 

The aorta arose from the right ventricle to the right of the pulmonary artery and slightly 
cephalad. The pulmonary artery originated in part from the interventricular septum, its left 
wall arising from the septum; the remainder of the vessel arose from the right ventricle. It had 
a valve with two leaflets, one situated posteriorly and the other toward the left and anteriorly. 

The foramen ovale was obliquely patent to a probe. Without distension of the atrial cham- 
bers the orifice was closed. However, with slight to moderate dilatation of these chambers, the 
foramen became patent. The coronary arteries showed a normal distribution. 


COMMENT 


In the case presented, both the aorta and the sténotic pulmonary artery 


originate from the right ventricle. It differs from a classic tetralogy of Fallot 
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in that the aorta does not arise from the left ventricle and partially override the 
ventricular septum, but is transposed and arises entirely from the right ventricle. 
Thus the right ventricle serves as a ‘double outlet ventricle.” According to the 
classification of Lev and Volk‘ this malformation is a type of partial transposi- 
tion of the Fallot type. 

The pertinent signs in this case were: cyanosis since birth, clubbing, dilata- 
tion of the heart, a harsh systolic murmur over the entire precordium, a clear 
second pulmonary sound of normal intensity, a presystolic liver pulse, and 
marked congestive heart failure. The x-ray examination showed a markedly 
enlarged heart with clear lung fields. The electrocardiogram showed atrial 
hypertrophy and right ventricular hypertrophy. 

It is of interest to correlate the results of the clinical examinations with the 
anatomic findings. 

The extreme cyanosis since birth is well explained by the origin of the aorta 
from the right ventricle. That pulmonary stenosis played an additional part 
in the causation of the cyanosis is indicated by the very ciear lung fields. 


RIGHT LEFT 
caval 2 | ven 
AURICLE AURICLE 
Oo, 
STENOTIC STENOTIC 
INSUFFICIENT. _ INSUFFICIENT 
TRICUSPID VALVE _-- TMITRAL VALVE 
VENTRICLE VENTIRICLE 
Ou 
PR 55 
0, VOLUME 
2 % 128 
PR. CM. WATER | 
|/] PULMONIC STENOSIS 
ARTERY 


Fig. 4.--Schematic illustration of the circulation course. 


The interventricular septal defect, the pulmonary stenosis, as well as the 
mitral insufficiency, all may have contributed to the formation of the systolic 
murmur, although the harsh character of the murmur, as well as the thrill, point 
to the pulmonary stenosis as the main cause. The absence of any diastolic 
murmur is remarkable considering the presence of tricuspid and mitral stenosis. 
The clear pulmonic sound of a normal intensity in the presence of a severe pul- 
monary stenosis might seem unexpected but is in keeping with the experience 
of other authors (Baker et al.' and Siiber et al.*).. The presystolic liver pulse 
is well explained by the tricuspid stenosis although, according to the recent studies 
of Grishman and associates,* the extreme dilatation of the right atrium alone may 
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be sufficient to cause this phenomenon. There was a good correlation between the 
electrocardiographic signs of auricular and right ventricular hypertrophy and the 
anatomic findings. 

The interpretation of the circulatory measurements was thus in agreement 
with some of the post-mortem findings since pulmonary stenosis and patent fora- 
men ovale were diagnosed and the existence of an interventricular septal defect, 
overriding aorta, and tricuspid stenosis were considered. The reconstruction 
of the circulation on the basis of the functional and anatomic findings is shown 
in Fig. 4. As shown in this diagram the oxygenated blood coming through the 
pulmonary veins to the left atrium is shunted to the right atrium and then passes 
with the main stream of the venous blood through the stenotic tricuspid valve 
into the right ventricle. The larger part of the right ventricular blood enters 
directly into the aorta which is completely dextroposed, while a smaller amount 
of this blood flows into the stenotic pulmonary artery. The presence of a severely 
stenotic mitral valve probably raises the pressure in the left atrium and thus might 
be responsible for the shunting of a considerable amount of arterial blood from 
the left atrium through the patent foramen ovale, similarly as it is known to occur 
in Lutembacher syndrome. Part of the left atrial blood passes the stenotic mitral 
valve and, having passed through the interventricular septal defect, enters the 
pulmonary artery and the aorta. No anatomic data concerning the role of 
collaterals from the bronchial arteries to branches of the pulmonary artery were 
obtained. 

SUMMARY 


The clinical, physiologic, and pathologic findings in a 19-year-old boy with 
congenital heart disease and acquired valvular disease are reported. 

The congenital anomaly consisted of complete dextroposition of the aorta, 
pulmonary stenosis, interventricular septal defect, and patent foramen ovale. 


The authors’ thanks are due to Dr. M. Lev, of the University of Illinois, for his kind advice, 


and to Mrs. K. Galevsky for her technical assistance. 


ADDENDUM 


Since this paper was submitted for publication, Drs. M. Campbell and S. Suzman have 
reported in their review, Transposition of the Aorta and Pulmonary Artery (Circulation 4:329, 
1951), a very similar case (Case No. 9) to the one reported by us. 
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CONGENITAL ANEURYSM OF THE MEMBRANOUS PORTION OF 
THE VENTRICULAR SEPTUM: REPORT OF TWO CASES 


H. Mitton RoGers, M.D., IRA C. Evans, M.D., AND 
LUVERNE H. DomEtrr, M.D. 


ST. PETERSBURG, FLA. 


NEURYSMS of the ventricles of the heart may be acquired or congenital. 

Aneurysms of the membranous portion of the ventricular septum are usually 
considered to be in the latter group. It is the purpose of this report to record 
two additional cases of this anomaly observed recently at necropsy. In one of 
these cases the clinical course of the patient, who was observed for ten years, was 
characterized by extreme cardiac irritability. While aneurysms of the mem- 
branous portion of the ventricular septum are usually unassociated with clinical 
manifestations, it is probable that in one of these cases the aneurysm was of clinical 
significance. 

CASE REPORTS 


CasE 1.—Clinical Features. The patient was an 18-year-old white girl. Mongolian idiocy 
had been diagnosed during the first year of her life. In adolescence, tuberculosis had developed. 
The patient had not been observed or examined by the authors while she was alive. Death 
occurred shortly after admission to Mound Park Hospital, St. Petersburg, Fla., on Dec. 27, 1948. 


Pathologic Features.—At necropsy, the following anatomic diagnoses were made: pulmonary 
tuberculosis (bilateral), congenital aneurysm of the membranous portion of the ventricular sep- 
tum, and tuberculous enteritis. 

The body weighed an estimated 90 pounds (about 41 kg.) and measured 55 inches (about 
140 cm.) in length. The pertinent findings were confined to the heart. In the ventricular septum 
there was an aneurysm (Fig. 1,4) with its orifice measuring 1.4 cm. in diameter. This was located 
in the upper third of the septum at the junction of the muscular portion of the ventricular septum 
with the membranous portion. It was located immediately beneath the posterior cusp of the 
aortic valve. The aneurysm measured 1.9 cm. in depth. Along the ventricular surface of the 
aneurysm there were cordlike structures which bore a resemblance to chordae tendineae. ‘The 
tricuspid valve revealed a deformity (Fig. 1,B) that occurred at the junction of the septal and 
anterior leaflets. It was characterized principally by the unusual shortness of the leaflets. The 
septal leaflet of the tricuspid valve appeared to be continuous with the cordlike structures de- 
scribed earlier in this paragraph, being separated by the wall of the aneurysm. 

In the lungs, there was necrosis and caseation of both upper lobes with multiple coalescing 
foci. In the gastrointestinal tract ulceration of the mucosa was present in the small intestine. 
Histologic examination of the lungs and intestinal tract revealed tubercles with epithelioid cells, 
Langhans’ giant cells, and lymphocytes. Areas of caseation were present in the lungs and small 
intestine. 


Case 2.—Clinical Features. The patient was a white man, age 60 years, at the time of first 
examination in March, 1941. At this time the main symptom was dyspnea due to acute pul- 
monary edema. The past medical history revealed that hypertension had been present for ten 
years. Since 1937 the patient had been conscious of tachycardia. Between 1937 and 1941 re- 

Received for publication Nov. 21, 1951. 
781 


782 \MERICAN HEART JOURNAL 


current episodes of paroxysmal auricular tachycardia, paroxysmal auricular fibrillation, and 
atrioventricular nodal rhythm had been recorded electrocardiographically elsewhere. No thoracic 
pain had been present, but a sense of substernal oppression associated with tachycardia had been 
observed by the patient. No preceding dyspnea had been observed. The family history revealed 


that the patient’s father had died with diabetes; one brother had died with rheumatic heart 
disease, and one brother had suffered from heart disease of undetermined origin. 


Fig. 1 (Case 1).--A, Aneurysm of membranous septum seen from left ventricle. B. Right 
ventricle. Shortness of leaflets of tricuspid valve at junction of septai and anterior leaflets. 


Ihe results of physical examination revealed an elderly white man, acutely ill. There was 
severe pulmonary edema. The pulse rate was 100 beats per minute. The blood pressure was 240 
mm. Hg systolic and 110 diastolic. The examination of the thorax revealed moist rales bilaterally. 
The heart dullness extended to the midaxillary line. No murmurs were heard. The liver edge 
was palpable 2 fingerbreadths below the right costal margin. The extremities were normal. 
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The patient was immediately admitted to St. Anthony's Hospital, St. Petersburg, Fla. With 
oxygen therapy, ammonium chloride, digitalis, and restricted salt intake the patient responded 
favorably and was dismissed from the hospital in ten days. 

The following laboratory work was done. Urinalysis revealed that the specific gravity of the 
urine was 1.015; the albumin determination was recorded as a faint trace; the sugar determination 
was negative; and on microscopic examination, a few hyaline and a few coarsely granular casts 
were observed. The complete blood count was within normal limits. 

The electrocardiogram at this time showed the P-R interval to be 0.14 second and the QRS 
complex measured 0.08 second. The QRS complex was slurred in Lead II and it was notched in 
Lead III. The S-T segment was depressed in Leads I, II, and III. Diphasic T waves were present 


in Leads I, II, and ITI. 


Fig. 2 (Case 2).—Roentgenogram of the thorax. Left ventricular enlargement. 


During the next ten years the patient was examined at frequent intervals. He was very 
intelligent and cooperated fully with instructions concerning therapy. In October, 1943, he was 
hospitalized for ten days in view of increased evidence of congestive cardiac failure. His course 
was uneventful. In December, 1943, the electrocardiogram revealed a nodal rhythm with a 
short P-R interval measuring 0.08 second, but no alteration of the QRS complex. In May, 1944, 
paroxysmal auricular fibrillation was recorded electrocardiographically. At-this time the patient 
was observed to have congestive cardiac failure, and mercurial diuretics were administered. 
Paroxysmal auricular tachycardia with an apex rate of 200 beats per minute was observed on 
several occasions in 1944. This was controlled with carotid pressure. In spite of the cardiac 
failure the patient was not an invalid. The summer of 1944 and each succeeding one were spent 
in Canada. 


oF 
| 
2 


Aya 


“6 “AON “HUSTUBL OO snuts OFGI “LI ides G € Bly 
‘d 


HAT 


Z. ~ 
ses: 
Sass 
= 
t 
tt j 
7. 
~ 
+44 
++ + 
++ 


/ 

bas 

4 


I 
bey 
+4a4 
+} 
Hy 
— 
| 
| 
| 
t 
| | | j | 
al 
t 
n 
P 
p 
b 
©) 
b 
pe 


ROGERS ET AL.: CONGENITAL ANEURYSM OF VENTRICLES OF HEART 785 


In November, 1944, an idioventricular mechanism was observed with a rate of 40 beats per 
minute. The digitalis dosage was reduced slightly, and this was followed by an increase in pulse 
rate to 88 beats per minute. At this time the blood pressure was 230 mm. Hg systolic and 110 
diastolic. In 1945 bronchopneumonia developed and the patient was rehospitalized. Roentgeno- 
graphic examination (Fig. 2) of the thorax revealed marked enlargement of the heart. The trans- 
verse diameter of the thorax measured 31 cm., and the transverse diameter of the heart measured 
18cm. The cardiac-thoracic ratio was 59 per cent. An irregular density which was present in the 
mid-portion of the middle lobe of the right lung was interpreted as pneumonic consolidation. The 
patient responded well to therapy and continued in good health during the next year. An electro- 
cardiogram in 1946 (Fig. 3,4) revealed normal sinus mechanism, with QRS changes similar to those 
described previously. Depression of the S-T segments in Leads I and II was present. 

In February, 1947, the patient was seized with severe substernal pain, requiring atropine and 
morphine for relief. He was readmitted to St. Anthony's Hospital on Feb. 5, 1947, with a tenta- 
tive diagnosis of acute myocardial infarction. At this time the pulse rate was 80 beats per minute 
and the blood pressure was 170 mm. Hg systolic and 110 diastolic. He was hospitalized for two 
weeks. Serial electrocardiograms revealed auricular fibrillation, but no changes consistent with 
acute myocardial infarction. There was depression of the S-T segment in Leads II and III con- 
sistent with digitalis effect. During the period of hospitalization, elevated temperature was not 
observed, but a leukocytosis of 13,350 per c. mm. of blood was present. The patient, after two 
weeks of rest in bed, was permitted to return by ambulance to his home, where two additional 
weeks of rest in bed were instituted. His course was uneventful. During the latter part of 1947 
there were periodic episodes of sinus tachycardia. At this time administration of mercurial 
diuretics was required with increasing frequency to control evidence of pulmonary edema. ‘The 
examination of the urine now revealed the specific gravity to be 1.018, with albuminuria, Grade I. 
he sugar determination was negative. The microscopic examination of the urine showed 6 to 8 
coarsely granular casts per high-power field. The total serum protein was 6.7 Gm. per 100 c.c. 
of whole blood. A low sodium diet was again instituted. In the spring of 1947, phlebitis involving 
the left femoral and left popliteal veins had developed. This was treated with Dicumarol. 

In November, 1948, the patient was readmitted to St. Anthony’s Hospital with broncho- 
pneumonia. Convalescence was uneventful. At this time albuminuria was Grade IV. Normal 
sinus mechanism was still present. Periodic episodes of congestive cardiac failure were observed. 
In 1949 administration of Mercaptomerin Sodium was instituted, which was continued at intervals 
of five to seven days until the time of the patient’s death. In October, 1949, idioventricular 
rhythm developed and this rhythm persisted until the time of his death. During 1949 and 1950 
the patient remained in good health, with evidence of cardiac decompensation well controlled with 
digitalis, ammonium chloride, and Mercaptomerin Sodium. 

In November, 1950, there were no demonstrable changes in symptoms or in physical examina- 
tion. The pulse rate was 76 beats per minute and the blood pressure was 180 mm. Hg systolic and 
8) diastolic. No cardiac murmurs were observed. The electrocardiogram (Fig. 3,B) revealed an 
idioventricular rhythm. The T waves were of low amplitude or isoelectric in Leads I, IT, III, 
aVr, aV_ and aVy. The T wave in Lead V¢ was inverted. The roentgenoscopic examination of 
the thorax revealed marked left ventricular enlargement but no fluid in the pleural cavities. The 
fundi revealed sclerosis Grade I plus. During the first three months of 1951 there appeared to be 
no appreciable change in the patient's general condition. 

In April, 1951, dyspnea became increasingly severe; azotemia was evident at this time. The 
patient was readmitted to St. Anthony's Hospital on April 8, 1951. The physical examination at 
this time revealed a few rales at both bases. The pulse rate was 54 beats per minute and the blood 
pressure was 150 mm. Hg systolic and 100 diastolic. The liver was enlarged 2 to 3 fingerbreadths 
below the right costal margin. 

Che following laboratory work was done. The urine examination revealed the specific gravity 
to be 1.007. The albumin and sugar determinations were negative. The results of microscopic 
examination of the urine were normal. The erythrocyte determination was 4.7 million and the 
blood hemoglobin 14.5 Gm. per cent. The leukocytes numbered 10,200 per c. mm. The non- 
protein nitrogen determination was 133 mg. per cent. The creatinine determination was 5.1 mg. 
per cent. The biood chloride determination was 420 mg. per cent. 
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A, 


B. 


Fig. 4 (Case 2)._-A, Right side of heart. Aneurysm of membranous septum presenting into the 
right atrium. 8B, Left ventricle. Aneurysm of membranous septum, located inferior to right aortic 
valve cusp 
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In spite of therapy directed at azotemia, the patient did not respond and death occurred on 
April 11, 1951. His age at the time of death was 70 years. 


Pathologic Features.—At necropsy the pertinent findings were confined to the heart, which 
was markedly enlarged, weighing 630 grams. There was an aneurysm of the membranous portion 
of the ventricular septum which presented itself into the right atrium (Fig.4,4). The aneurysm 
on the right side of the heart appeared in the position of the anterior portion of the septal leaflet 
of the tricuspid valve (Fig. 5,4). Leaflet tissue as such at this location was not present. The 
edges of the aneurysm were continuous with tricuspid valvular tissue both anteriorly and pos- 
teriorly. The aneurysm was thin-walled, gray, and appeared to be composed of fibrous tissue. 
rhe right atrial portion of the aneurysm measured 2 cm. from before backward and 1.5 cm. in 
height. 

On the left ventricular side (Fig. 4,B) the aneurysm appeared in the region of the membranous 
septum and its center lay inferior to the posterior portion of the right aortic cusp. A portion of 
the aneurysmal mouth was observed to lie inferior to the posterior aortic cusp (Fig. 5,B). The 
orifice of the aneurysm measured 1.8 cm. across and 1.5 cm. in height. The right aortic cusp 
appeared at its base to be continuous with the mouth of the aneurysm and the valve leaflet ap- 
peared contracted. The free edge of the posterior half of the right aortic cusp was thickened. 
There was no defect in the muscular portion of the ventricular septum. 


A, B. 


Fig. 5 (Case 2). —Aneurysm of membranous septum. A, Right atrium and right ventricle. 
Close-up view of Fig. 4.4. B, Close-up view of Fig. 4,B. 


The right ventricular myocardium was hypertrophied and the wall measured 0.7 cm. in 
thickness. The left ventricular wall was also hypertrophied and measured 2.0 cm. in thickness. 
In the lower central portion of the ventricular septum there was thinning of the septum noticeable 
on the left side over an area of about 1.5cm. The outward appearance of this lesion was consistent 
with an infarct. There was a severe degree of coronary arteriosclerosis involving the left anterior 
descending coronary artery. The right coronary artery was only mildly sclerotic. The interior 
of the right atrium was gray and the wall was thickened. The left atrium was normal. The fora- 
men ovale was anatomically closed. 

The surfaces of both kidneys revealed numerous superficial subcapsular cortical cysts. 
Diverticuli were present in the sigmoid colon. The aorta revealed widespread atheromatosis 
with ulceration. 

Histologic examination of the heart revealed fibrosis of the ventricular septum in the sections 


through the lower middle portion, with smaller areas of fibrosis in the myocardium of the left ven- 
tricle. In sections of the lungs there was pneumonia. The sections of the liver revealed chronic 
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passive congestion. In sections of the kidneys there was thickening and hyalinization of some 
glomerular capsules. Some of the tubules were cystic and in others there was evidence of pyelone- 
phritis. The renal vessels revealed arteriosclerosis involving the small and medium sized arteries. 
The following anatomic diagnoses were made: bronchopneumonia (bilateral), pyelonephritis, 
congenital aneurysm of the membranous ventricular septum, chronic vascular nephritis, coronary 
arteriosclerosis (left anterior descending artery), and myocardial infarct (ancient). 


COMMENT 


Embrvyologically the membranous ventricular septum is derived in part from 
endocardial cushion tissue. Frazer' demonstrated that the pars membranacea 
was ‘made from the fused A-V cushions, the auriculo-vestibular part from the right 
end of the upper cushion, the interventricular part from the lower one, with some 
trabecular structure joining this from the proper interventricular septum.” 
In a previous report by one of the present authors and Edwards,* closure of the 
atrioventricular canal was discussed. ‘This closure is related to union of tissue 
from four sources: dorsal and ventral endocardial cushion tissue, primary inter- 
atrial septum and muscular interventricular septum. 

Mall® concluded that aneurysms of the membranous ventricular septum are 
due not to endocarditis but to an anomalous position of the aorta which mis- 
places the membranous septum into a horizontal position. Lev and Saphir,'* in 
their exhaustive study and review of the literature dealing with aneurysms of the 
membranous ventricular septum, concluded that in most cases the condition is 
congenital and that the most satisfactory embryologic hypothesis for this anomaly 
was that originally postulated by Mall. This included an abnormal direction 
of the ventricular and bulbar septa. These later authors amplified the hypothesis 
of Mall by considering the anomaly under discussion to be associated also with a 
mild form of transposition. These authors considered, as embrvologic variants, 
(1) abnormal formation and fusion of the endocardial cushions, (2) abnormal 
formation and fusion of the bulbar cushions, and (3) abnormal position of the 
proximal bulbar septum in relation to the muscular ventricular septum. 

An analysis of the data in the two cases of aneurysm of the membranous 
ventricular septum discussed in this report would cause us to be in accord with 
the hypothesis of the congenital origin of the condition upheld by Mall, Lev, and 
Saphir. It would appear that aneurysms of the membranous ventricular septum 
are the result of an abnormality in the atrioventricular endocardial cushion tissue. 
In this respect, congenital aneurysms of the membranous portion of the ventricular 
septum appear to be related, at least embryologically, to the defect classified as 
incomplete division of the atrioventricular canal with patent interatrial foramen 
primum (persistent common atrioventricular ostium). In the latter defect the 
apparent embryologic cause of the anomaly is failure of fusion of the atrioven- 
tricular endocardial cushions. Further similarity in embryologic development 
may exist between these two congenital cardiac anomalies: that is, incomplete 
division of the atrioventricular canal with patent interatrial foramen primum, 
and aneurysm of the membranous septum. In the case of aneurysm of the mem- 
branous septum recorded by Zadoc-Kahn and Cousin,*® there was absence of 
Likewise in the case of Reinhard’ and the case of Tiingel,* 


interatrial septum. 
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aneurysms of the membranous ventricular septum coexisted with developmental 
defects of the septum primum. 

The cordlike structures observed on the left ventricular wall of the aneurysm 
in Case 1 bore a resemblance to chordae tendineae and thus they may presumably 
have been derived from the embryologic anlage of the tricuspid valve. This 
does not seem an unreasonable explanation of these cordlike structures. If 
so, their presence in the left ventricle could be correlated with an anomalous 
deviation to the right of the endocardial cushion tissue, which takes part in the 
closure of the ventricular septum. This eccentric fusion of the atrioventricular 
endocardial cushion tissue could account for a portion of valve tissue derived from 
embryologic anlage of the tricuspid valve being separated from the rest of the 
tricuspid valve by closure of the membranous septum and in turn sealed into 
the left ventricular wall of the aneurysm. 

It is of interest that mongolism may be associated with different cardiac 
malformations caused by the alteration in one tissue of the embryo. In an anal- 
ysis of data on fifty-five cases of incomplete division of the atrioventricular 
canal? with patent interatrial foramen primum, mongolism was recorded as having 
been present in seventeen cases and its absence was recorded or could be assumed 
in but eight cases. Mongolism is an associated occurrence in congenital aneur- 
yvsms of the membranous ventricular septum. It was observed in the two cases 
of the anomaly that were recorded by Lev and Saphir and in Case 1 of this report. 
Aneurysms of the membranous ventricular septum are not common. Rae® 
observed this type of congenital aneurysm to be present four times in 3,000 
necropsies. Lev and Saphir, in 1938,> reported two cases and in an exhaustive 
review of the world literature were able to find about seventy recorded cases. 
in 1950 reported one additional example of this con- 


Leckert and Sternberg" 
genital cardiac anomaly. These authors were able to find only nine reported 
cases revealing this anomaly recorded in the English literature from 1900 to 1938. 
Vanecek'' has also reported recently (1950) one additional case revealing this 
anomaly. 

Congenital aneurysms of the membranous ventricular septum are for the 
most part of little importance to the clinician. However, certain pathologic 
features of these aneurysms, which should add to their importance, might be em- 
phasized. These aneurysms may be the site of formation of thrombi (Guccione”). 
They may be the site of superimposed subacute bacterial endocarditis, or they may 
in rare instances perforate (Reinhard’). Aneurysms of the membranous ven- 
tricular septum may be a factor in the development of subaortic stenosis (Rae®). 
It has recently been observed by Leckert and Sternberg'® that membranous ven- 
tricular septal aneurysms may be a structural factor in the production of aortic 
insufficiency. In the second case reported herein extreme cardiac irritability was 
observed. <Auricular fibrillation, atrioventricular nodal rhythm, paroxysmal 
auricular tachycardia, sinus tachycardia, and idioventricular rhythm were ob- 
served and recorded electrocardiographically. The location of the congenital 
aneurysm, in the membranous portion of the ventricular septum, might pre- 
sumably be a factor in the cardiac arrythmias that were observed. In 1947 this 
patient had clinical evidence of myocardial infarction. While this was not con- 
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firmed electrocardiographically during life, a small infarct of the ventricular 
septum was observed at necropsy. The arrythmias which were observed were 
more of a clinical problem prior to 1947, when the myocardial infarct was pre- 
sumed to occur, than they were after this date. 

Mongolism may give a clinical clue for the diagnosis of the anomaly under 
discussion. This finding was observed in Case 1, but in Case 2 the mental in- 
telligence of the patient greatly exceeded normal. 


SUMMARY 


Two cases of aneurysm involving the membranous portion of the ventricular 
septum have been recorded. In Case 1 there were no associated clinical cardiac 
manifestations. In the second case there were many arrythmias which pre- 
sumably were associated with the congenital aneurysm of the membranous por- 
tion of the ventricular septum. Mongolism was present in Case 1. The anomaly 
under discussion is probably congenital in origin. The possible relationship 
between two congenital cardiac anomalies—aneurysms of the membranous por- 
tion of the ventricular septum and incomplete division of the atrioventricular 
canal with patent interatrial foramen primum—is discussed. 
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VENTRICULAR FIBRILLATION FOLLOWING EYEBALL PRESSURE IN 
A CASE OF PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIA 


MILTON E. LANDMAN, M. D., AND IRVING EHRENFELD, M.D. 


Passaic, N. J. 


HIS is the report of a case in which ventricular fibrillation followed the 
clinical application of eyeball pressure for paroxysmal supraventricular 
tachycardia. We believe it to be unique in the medical literature and feel that 
it is important to point out an unsuspected danger in an accepted and frequently 
utilized therapeutic procedure. 
CASE REPORT 


A 46-year-old, married, white housewife suffered the first attack of paroxysmal supra- 
ventricular tachycardia at the age of 18 years. The attacks were originally described as severe 
palpitation, usually occurring after bending down, disappearing spontaneously in a few minutes. 
These occurred at intervals of months to years. In 1933, an attack occurred lasting several hours. 
For the first time a physician was consulted who gave the patient an injection of morphine with 
complete relief in about one-half hour. This attack was accompanied by numbness in hands and 
feet. Following this, attacks occurred about twice a year. There was no longer any obvious 
precipitating factor. At least one attack began during sleep. Finally, in 1939, an attack was 
uncontrollable by morphine alone, and one of us (I.E.) was consulted. This attack was terminated 
by eyeball pressure. The patient was placed on quinidine sulfate 0.2 Gm. three times a day on 
which she has continued to the present. Several additional attacks occurred, all terminated by 
eyeball pressure except the last in which carotid sinus pressure was used successfully. The patient 
has been free from attacks in the past year. She underwent a hysterectomy in 1940 for fibroids 
and an appendectomy in 1936 for acute appendicitis, but has otherwise been singularly well 
throughout her life except for occasional gastrointestinal symptoms, thought to be on an emotional 
basis by her attending physician. 

A number of laboratory examinations were done at various times. Numerous cardiograms 
in symptom-free intervals were always within normal limits (Fig. 1). Cardiac roentgenograms 
and fluoroscopy were always within normal limits. Several complete blood counts, urinalyses, 
and stool examinations were normal. Erythrocyte sedimentation rate, blood sugar, and basal 
metabolism rate revealed no abnormalities. A gall bladder and gastrointestinal series revealed 
no abnormality. 

On Nov. 9, 1948, one of us (I.E.) was consulted by the patient for palpitation. She was 
found to have another attack of paroxysmal supraventricular tachycardia. Morphine sulfate 
15 mg. was given subcutaneously, and, with a conventional photographic type of electrocardio- 
graphic apparatus attached to the patient, eyeball pressure was applied. The pertinent portion 
of the resulting tracing is shown in Fig. 2. Several runs of bizarre ventricular complexes, the 
longest of which included at least six, were interspersed with short periods of complete arrest, 
premature ventricular complexes, and normal sinus beats. The earlier part of the tracing reveals 
a typical supraventricular tachycardia at a ventricular rate of 210 per minute. The latter part 
of the tracing reveals a normal sinus rhythm with auricular and ventricular rates of 110 per minute 
and a P-R interval of 0.16 second. 
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DISCUSSION 


It is well known that vagal stimulation may cause slowing or even stopping 
of the normal or abnormal human heart. The heart reflex centers are in the 
medulla oblongata. In the dorsal nucleus of the vagus is found the cardio- 
inhibitory center, the neurone pool which gives origin to the efferent fibers of the 
vagus and also in which the afferent fibers of the vagus terminate.' Under 
ordinary circumstances, the activities of this cardio-inhibitory center and also 
of the cardio-accelerator center which result in the continuous discharge of 
impulses along the corresponding cardiac nerves are, in turn, dependent to a very 
large extent, if not entirely, upon the reception of impulses by afferent paths. 


Fig. 1.—Electrocardiogram taken on May 11, 1950, revealing no abnormalities. 


In other words, the maintenance of the tone of the centers which control the 
normal resting state of the heart and the alterations in rate which occur under 
various physiological conditions are in large measure éither reflex in nature or 
due to impulses received from cerebral centers. The impulses which stream into 
the nervous centers arise in all parts of the body, the heart itself included. By 
these influences, the tone of either center may be exalted or depressed and cor- 
responding changes produced in the cardiac rate.2. Such a reflex arc is the oculo- 
cardiac reflex with its afferent arc in the ophthalmic fibers of the trigeminal nerve 
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and its efferent arc mediated through the vagus.’ Another is the carotid sinus 
reflex with its afferent arc mediated through the ninth cranial nerve and its efferent 
are through the vagus. 
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Fig. 2.—Electrocardiogram taken on Nov. 9, 1948. Consecutive tracing of Lead II. A, Eyeball 
pressure exerted during paroxysmal supraventricular tachycardia; B, D, and E, probable short runs of 
ventricular fibrillation; C, short period of complete arrest; F, return to normal sinus rhythm. 


These facts have found clinical application to a considerable extent in the 
diagnosis and treatment of the tachycardias. Perhaps the single most important 
application has been found in the treatment of paroxysmal supraventricular 
tachycardia. The two methods commonly in use among clinicians for this 
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purpose are carotid sinus and eyeball pressure. They are described as being effec- 
tive in an appreciable percentage of cases and as being quite safe if properly 
applied.*-? 

There has been considerable interest in the carotid sinus reflex particularly 
in view of the numerous reports concerning the carotid sinus syndrome.*-"! 
Three types of this syndrome have been described: a depressor type, a cerebral 
type, and a vagal type. The first two do not concern this communication. 
In the vagal type only have bradycardia or asystole with syncope been described. 
We know of no description of ventricular irritability (such as premature ventric- 
ular contractions or ventricular fibrillation) in this syndrome or for that matter 
in the therapeutic clinical application of carotid sinus pressure. 

On the other hand, very little interest has been shown in the oculocardiac 
reflex, particularly in the English medical literature. However, an excellent 
study of this subject with electrocardiographic correlation appeared in Folia 
Cardiologica in 1941." Sabena and Posteli in this study extensively investigated 
the oculocardiac reflex in normal and abnormal individuals. They found that the 
oculocardiac reflex causes, besides changes in heart rate, changes in myocardial 
irritability. The latter are manifested by extrasystoles or by suppression of the 
primary center of stimulus formation and activation of secondary centers, such 
as the node or the ventricle. Variations in the heart rate were easily demonstrable 
in 60 to 90 per cent of normal adults. The intensity of the slowing varied from 
slight to intense with culmination in cardiac arrest and syncope. The effects 
may appear immediately or be delayed. Of the variations in heart irritability 
the most characteristic are extrasystoles. Whereas experimental studies in- 
dicate that the vagus has the ability to reduce myocardial irritability, clinical ob- 
servations reveal that instead of inhibiting extrasystoles, vagal stimulation will 
sometimes cause them to appear. In this study they were frequently found 
to appear after eyeball pressure. All types of extrasystoles including atrial, 
ventricular, and polymorphic were noted. The authors also noted conduction 
disturbances after eyeball pressure. These included partial to complete conduc- 
tion block.” 

In view of the bizarre and varied character of the individual complexes in 
the case presented here and the fact that one follows another without pause in 
the three runs marked B,D, and E on Fig. 2 (particularly B), it is the opinion 
of the authors that these runs represent true ventricular fibrillation rather than 
multifocal polymorphic ventricular premature contractions. In any case the 
differential does not alter the obvious inherent danger of sudden death in the 
situation. To the best of our knowledge no such case has been previously re- 
ported. The usual danger felt to be present in the use of vagal stimulation of the 
heart has been the possibility of complete cardiac arrest. To this must now be 
added the danger of myocardial irritability and ventricular fibrillation. Whether 
this represents a medical oddity or actually occurs more often than realized will 
be for further reports to decide. From the work of Sabena and Posteli™ the possi- 
bility of producing myocardial irritability with fatal consequences by vagal stimu- 
lation does not appear too remote. 
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SUMMARY 
A case is presented of a patient in whom eyeball pressure was applied to 
terminate an attack of paroxysmal supraventricular tachycardia with resulting 
short runs of ventricular fibrillation followed by return to normal sinus rhythm. 
The implication that myocardial irritability even to the point of ventricular 
fibrillation may be a hitherto unconsidered danger in the clinical use of vagal 
cardiac stimulation is offered. 


The authors are indebted to Dr. Arthur C. DeGraff for his helpful suggestions. 
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HYPOPLASIA OF THE RIGHT AND THROMBOSIS OF THE LEFT 
CORONARY ARTERY WITH RUPTURE OF THE LEFT 
VENTRICLE: A CASE REPORT 


J. CHANDLER Situ, M.D. 


CHICAGO, ILL. 


ARDIAC disease of adults associated with a developmental anomaly of the 

A coronary arteries is rarely described. Only three reports have been found in 
which death was attributed to cardiac disease associated with hypoplasia of one 
coronary artery. The sudden development of extensive myocardial infarction 
with rupture of the left ventricle is uncommon in a healthy woman who has had 
no previous clinical evidence of cardiovascular disease. A case demonstrating 


all of these features is therefore of interest. 


CASE REPORT 


The patient was a 60-year-old white woman who was well until two hours before admission 
to the hospital. At this time she experienced severe nonradiating chest pain of sudden onset 
that was not relieved by two intramuscular injections of morphine sulfate, each 14 grain. 
There was no history of diabetes or other chronic disease. Past history revealed that at the 
age of 49, the patient had acute cholecystitis for which the gall bladder was removed. At that 
time the bleod pressure was 150/100 mm. Hg, the heart was of normal size to percussion, and there 
were no murmurs. X-ray picture of chest was normal and the electrocardiogram disclosed only 
a moderate left axis deviation. 

Physical examination on admission revealed a temperature of 37.5° C., pulse 100, respirations 
18, and blood pressure 160/100 mm. Hg. ‘The patient appeared acutely ill. She complained of 
severe pain in the chest. The skin was moist, cool, and dusky and the nail beds were cyanotic. 
The chest was clear to auscultation and percussion. ‘The respirations were shallow. Ausculta- 
tion of the heart revealed sluggish sounds, a gallop rhythm, and no murmurs. The abdomen was 
soft and nontender and the liver was not palpated. The reflexes were hypoactive and equal. 

rhe patient was placed in an oxygen tent but duskiness of the skin persisted. The blood 
pressure dropped to 120/80 mm. Hg, the pulse became weak, and nausea developed. The patient 


became deeply cyanotic and died sixteen hours after the onset of chest pain. 


Autopsy.—The heart weighed 267 grams. The pericardial sac contained 275 c.c. of fluid and 
clotted blood. The epicardium was discolored dark red and the surface was roughened by fibrinous 
adhesions. The myocardium over the anterior apical surface of the left ventricle was soft and light 
brownish-red mottled with dark brown over an area measuring 2.5 cm. in diameter. In the center 


of this region there was a ragged vertical rent measuring 1 cm. in length through which a blunt 


probe passed into the cavity of the left ventricle (Fig: 1). Sections disclosed a pale brownish-red 
moderately firm myocardium throughout the right ventricle and remainder of the left ventricle. ; 
rhe endocardium was smooth, gray, and glistening except over the anterior apical surface of the 
left ventricle where there was a small ragged rent and a focus of subendocardial hemorrhage. 


There were no mural thrombi. The tricuspid, pulmonic, and aortic valves were thin, smooth, 
and translucent. The leaflets of the mitral valve were slightly thickened, gray, opaque, and 


disclosed minute vessels over the atrial surface. 
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The left coronary artery arose from a large ostium in the left posterior aortic sinus and 
divided into a descending branch and a circumflex branch (Fig. 2). Cross sections disclosed pale 
yellow intimal plaques that moderately encroached on the lumens. The first portion of the de- 
scending branch of the left coronary artery revealed a pale gray mottled with dark red, firm 
adherent cut surface for a distance of 1.5 cm. through which a lumen was not identified. The 
large circumflex branch of the left coronary artery was patent throughout and extended around 
the atrioventricular sulcus to the posterior interventricular groove in which it descended to supply 
the posterior surfaces of the right and left ventricles (Fig. 1). 


-Recent thrombus, 


/ anterior descending 
Hy poplastic -~', EY branch of left 
right coronary | 4 coronary artery. 
artery. 3 


~Recent infarct, 
anterior wall of 
left ventricle. 


--Rupture of 
myocardium. 


Fig. 1 Diagram of heart showing hypoplasia of right coronary artery, thrombosis of anterior 
descending branch of left coronary artery, and recent infarct of myocardium with rupture. 


Fig. 2.--Aortic valve showing ostia of right (A) and left (38) coronary arteries. 


Che right coronary artery arose from a minute ostium measuring less than 0.1 cm. in diameter 
from the proximal aorta just above the anterior aortic sinus (Fig. 2). Cross sections disclosed 


wp 
| WF ' 
> 
= 
2 SS: 


798 \MERICAN HEART JOURNAL 


a minute vessel that could be followed for a distance of only 4 cm. The proximal portion would 
admit a fine probe for a distance of 1.5 cm. No other arteries were discernible over the antero- 
lateral portion of the right ventricle. 

Histologic examination of the right coronary artery revealed a small vessel from which 
minute patent branches arose. There was moderate concentric thickening of the intima by fibrous 
tissue. Sections of the descending branch of the left coronary artery disclosed marked encroach- 
ment on the lumen by a large arteriosclerotic plaque and a minute lumen nearly occluded by a 
recent thrombus that was adherent to the intima. Histologic examination of the myocardium 
revealed normal muscle except in the anterior left ventricle where there was necrosis, fragmenta- 
tion of myofibrils, and extensive infiltration with polymorphonuclear leukocytes. The epicardium 
of this region was covered by fibrin. 

The significant lesions were limited to the cardiovascular system. The final anatomic diag- 
noses included recent thrombus of the descending branch of the left coronary artery, hypoplasia 
of the right coronary artery, and recent infarction of the anterior left ventricle with rupture, 
hemopericardium, and cardiac tamponade. There was also arteriosclerosis of both coronary 
arteries with stenosis of the descending branch of the left. In addition, there were focal acute 
fibrinous epicarditis, healed nondeforming endocarditis of the mitral valve as well as moderate pul- 
monary edema, and slight focal arterial sclerosis of the right and left kidneys. 


DISCUSSION 


In 1945, Frachtman! stated that he had seen one case in which the right 
coronary artery was unusually small and poorly developed. The myocardium 
of the right ventricle was stated to be normal and death was due to thrombosis 
of the descending branch of the left coronary artery. An infarct of the left ven- 
tricle was not described and further details of the case were not reported. Whit- 
ing® described a 14-vear-old white school girl who had rheumatic fever at the age 
of 6, developed angina pectoris at the age of 13, and died one year later in an 
episode of congestive heart failure. Autopsy examination revealed an enlarged 
heart weighing 425 grams, a large patent left coronary artery, and a rudimentary 
right coronary artery so small that the ostium would not admit a probe and the 
vessel could not be followed over the right ventricle. The posterior leaflet of 
the mitral valve was described as being ‘‘rudimentary.’’ Histologic examination 
disclosed fibrosis and atrophy of the right ventricle and hypertrophy of the left 
ventricle. There was no infarct and rheumatic carditis was not seen. The 
third account of a case of coronary artery hypoplasia was reported by Wain- 
wright.’ He described a 14-year-old girl who died suddenly after an episode of 
extreme fright. Autopsy revealed a right coronary artery 1 cm. in length with 
an ostium that was ‘‘scarcely more than pinpoint in size."’ There was a small 
focus of fibrosis of the myocardium in the region normally supplied by the right 
coronary artery and the remainder of the myocardium was normal. This case 
was discussed by Dr. George McCallum*® who stated that it was reasonable to 
assume that the focal myocardial fibrosis of the right ventricle was due to in- 
adequate arterial blood supply. No other reports were found in which hypo- 
plasia of a coronary artery was mentioned as a clinical or anatomic diagnosis. 

Hypoplasia of the right coronary artery to the extent here described consti- 
tutes a heart that is functionally nourished by a single left coronary artery. 
The question arises as to whether the infarct of the myocardium would have been 
smaller and less serious if the right coronary artery had been normal. Dutra’ 
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pointed out that there is no apparent functional or anatomic abnormality of the 
myocardium in cases of single coronary artery and he be’ieved that this was due 
to the conversion of sinusoidal channels of the developing heart into coronary 
vessels. Also, in a recent review of forty-five cases of single coronary artery, 
it was stated by Smith’ that signs and symptoms of decreased cardiac function 
were not described in any case in which autopsy examination revealed an other- 
wise normal cardiovascular system. He cited the autopsy examinations of 
twenty-seven adults with single coronary arteries and found only three in whom 
death was ascribed to coronary thrombosis and myocardial infarction. In one 
case the infarct involved both ventricles and in two cases the extent of the infarct 
was not described. Therefore, it cannot be said with certainty in the case here 
described that the state of hypoplasia of the right coronary artery contributed 
significantly to the large size of the infarct or to the ventricular rupture. How- 
ever, since thrombosis of the anterior descending branch of the left coronary 
artery usually does not cause such an extensive myocardial lesion unless there is 
advanced arteriosclerosis of the other coronary vessels, it seems likely that the 
left ventricle would have been less affected if the right coronary artery had been 
normal. 
SUMMARY 


A case of an adult is described in which autopsy examination revealed hypo- 
plasia of the right coronary artery, a recent thrombus of the anterior descending 
branch of the left coronary artery, and a large recent infarct of the myocardium 
with rupture, hemopericardium, and cardiac tamponade. It seems probable, 
although this statement cannot be made with certainty, that the state of hypo- 
plasia of the right coronary artery contributed to the large size of the myocardial 
infarct with rupture of the left ventricle. 
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Book Reviews 


KYMOGRAPHISCHE RONTGENDIAGNOSTIK. ZUR BEURTEILUNG Drs HERZENS IN BEISPIELEN. 
By Prof. Dr. Pleinkart Stumpf. Stuttgart, 1951, Georg Thieme, Verlag. 


One-quarter of a century after his original paper dealing with roentgenkymography, Dr. 
Stumpf reviews his experience with this procedure in the clinical study of heart disease and pre- JU 
sents it in the form of a monograph. In an interesting introduction he discusses the two main 
general causes of heart border motion, including (1) filling and emptying of the heart and (2) | 
pendulum movement of the heart as a whole. After a short section dealing with the description 
of roentgenkymographs obtained from normal hearts, the majority of the volume deals with rec- 
ords obtained in various types of heart disease. There are sections dealing with valvular lesions, 
myocardial infarction, myocardial insufficiency, arrythmias (including extrasystolic beats and 
fibrillation), diseases of the aorta including aneurysm, as well as pericarditis. There is also a 
portion devoted to the diagnosis of chest tumors. The book is well illustrated and concisely 
written. It provides an excellent summary of the information to be obtained in diseased hearts 


by this method of examination. 


H. H. 


ELECTRON Microscopic HistoLoGy oF THE HEART. By Bruno Kisch (in collaboration with 
Joan Bardet). New York, 1951, Brooklyn Medical Press, 106 pages. 


This publication consists essentially of three previously published papers on the electron 
microscopy of cardiac tissues. Many of these electron microscopic observations of cardiac muscle 
correlate with those which have been observed with the aid of the light microscope. Apparently 
new details are given about the myofibrils, the sarcoplasm, and the vascular supply. The observa- 


tions were made on fixed tissues; osmium tetroxide and potassium dichromate were used. 


The myofibrils are classified into two types: Type A myofibrils are mainly unbranched 
cylinders that extend the length of the fibers and are composed of a succession of segments like a 
bamboo stick. In Type B, single myofibrils are observed for only a short distance because they 
anastomose with one another to form a relatively wide syncytial sheath. ‘The details of the struc- 
ture of the myofibrils and the changes occurring during their disintegration are described at length. 
Their relation to the sarcoplasm and the presence of formed elements (sarcosomes) in the latter 
are well illustrated. Of particular interest is the observation that small capillaries (blood?) 
penetrate the sarcolemma and are present between the myofibrils. This intrinsic blood supply 
of the cardiac muscle fibers was not observed in skeletal muscle similarly prepared. (If this 
observation is correct, it would go a long way toward accounting for the ability of the myocardium 
to extract a high percentage of the oxygen present in coronary arterial blood.) 

Che relation of the submicroscopic structure of the heart to cardiac physiology, particularly 
to the electrophysiology of the heart, is discussed at some length. However, this phase of the 


presentation is less objective than the purely descriptive histology. Possibly the author may be 


allowed some freedom in the play of his imagination on this “topic.” The tendency toward the 


assertion of function from the description of submicroscopic details without direct verification of 


the inferences illustrates a frequently committed error in anatomical studies. 


C. and A. B. H. 
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